GFT Eéitor Volume 83. No. 5 


OS ANGELES.. 


at the AWWA. CONVENTIO 


California—a land apart from all others, like no other 
and distinctively itself—may be justly proud of her 
Los Angeles, well called the “Wonder City”—a metropolis 
sprung from desert sands out of ancient dreams, to sit as 
queen upon the shores of the sunset sea. 


The metropolis of this Golden Empire, Los Angeles 
is the largest city in Western America. The population 
has increased from a scant 4,000 persons in 1860 to 
1,294,600 inhabitants. The business district, with its 

ultra-modern shops and substantial edifices, presents a 
KYLINE OF LOS ANGELES “ies IB ae ate ae, mite striking appearance. From the heart of this section you 
SFROM WESTLAKE PARK tei 8 0 ae Ber may view against the blue California sky the summits of 
J = ae Roow * Mt. Lowe and Mt. Wilson, where is located the world’s 
HOTEL BILTMORE & ' ets » Seer oe largest reflecting telescope. Los Angeles harbor is now 
HEADQUARTERS OF &@ sh he ae a eS sare one of the great harbors of the world. Its growth has 

A. W. W. A. Pe. i Bal we, re a been phenomenal. 

CONVENTION i! : rashes Py oe ; 

Five thousand miles of paved roads and streets radiate 
from Los Angeles, through palm-lined drives leading past 
unique homes built in the Spanish hacienda fashion, 

ee mnawess far-flung orange and walnut groves and forests of derricks 


in the oil fields. 


PHOTOS BY 


Los Angeles extends a cordial invitation to the members 
of the American Water Works Association and affords the 
opportunity of seeing one of the greatest water works systems 
pf the world, for a supplementary water supply, built at a 
ost of $25,000,000, is brought to the city, a distance of PITTSBURGH EQUITABLE METER CO. 
£33 miles from the snowy slopes of Mt. Whitney, the MERCO NORDSTROM VALVE CO 
ighest mountain in the United States. The capacity of eee gee, et ae 
he intake is 270,600,000 gallons per day. 








OR FLOOD REHABILITATION or deferred modernization needs of water and gas 


distribution systems, sewerage and drainage systems, and industrial piping 


systems, we offer a complete pipe service and prompt deliveries from our 15 


plants and storage yards. Super-deLavaud Pipe 
—“centrifugally cast in a metal mold without 
chill”—12 and 18-foot lengths, diameters up 

24 inches. Pit cast pipe in diameters up to 
84 inches. U. S. Cast Iron Culverts. Threaded 
cast iron pipe (steel o. d. sizes). U. S. Ni-Resist 
super-corrosive-resistant cast iron pipe. Bell and 
spigot, mechanical and flexible joints or plain 


end pipe. Fittings -any size or practicable design. 








trifugally or pit cast—for water works, 


‘gas, sewerageand drainage serviceaswell — 
‘indpstrial uses involving corrosives. - 


S. PIPE & FOUNDRY CO. 
BURLINGTON, NEW JERSEY | 
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“ ing Water Mains With Com- 
ee Tir —Roger W. Esty and Nelson 
Boardman, Sup’t and Ass’t Sup’t of the 
Danvers (Mass.) Water Department, will 
describe a very practical method of 
water mains which was devel- 








ome in Danvers — a ee boat A 
j luding or minimizing ditch pump- . ° 
age de aniine, for repairs te te) a EE ee 143 

article is one of several to be con- 
tributed by water works operators dur- by Ww. MARTIN JOHNSON 
hy a in a Practica Jperating With Wiley and Wilson, Consulting Engineers, Lynchburg, Va. 

n gs Ss. 
“pxperiences With Anthrafilt at Den- A Pictorial Review of Los Angeles Water Supply............... 148 
ver”—open with a or review 5 Ma 
f crushed anthracite as a er- * ° 

Ee during a period of Some Features of New Water Supply Project of Fort Smith, Ark... 151 

sat Denver. Then follows the more 
ecent experiences, results, conclusions, by W. R. HOLWAY 
concerning the effectiveness of a com- Consulting Engineer, Tulsa, Okla. , 
bination of anthracite and quartz = ' ' 
in municipal filtration practice. The ‘J . Ps 
author, O. J. Ripple, long-time Superin- Meeting of Indiana Section A. We We Wee bs Pickett ae 154 
tendent of Filtration at Denver, presents 
the results of filtration experimentation, . me i , 
incident to the design of the new Den- Capacity of Cast lron Main Sustained by Chloramine Treatment... 159 
ver Filtration Plant. His article was 
scheduled for this issue but, we regret, By d. WALTER ACKERMAN 
a oe ever. Chief Engineer and General Superintendent, Consclidated Water Co., | 


BERTI Utica, N. Y. 


“Comparative Costs of Iron Salts for 
Water, Sewage or Sludge Treatment”-— 











Has been prepared by Wm. H. Baum- The Effect of Ground Garbage on Sewage Treatment Plant 
gartner, Chemical Engr., Grasselli Chem- O e 

ical Co., at the specific request of peration Pe ee Se eee ee ee een Fe Se LL CPR Leg. oy ile 161 
“Water Works and Sewerage.’ His arti- 

cle will serve as a useful guide in the By GX. CALVERT! and =; TOLMAN? 
hands of engineers, chemists and others © " 3 
SE seam te evaluate and aiake ue- ee L sees Fig + rate 3 Disposal, Indianapolis, 
lections from the ferric-salts now avail- nd.; “Manager Sanitary Division, The Jeffre fg. " 
able for treatment and sludge filtration. ‘ 9 Y Y M g Co., Columbus, O. } 
The analysis reveals their comparative ° — e 
efficacy as to coagulating values and Chemical Precipitation Sewage Treatment Plant at Kahoka, Mo.. An. 169 
their base cost In terms of available iron 
content. Included in the evaluation is By FRANK BEARD 
the combination of ferrous-sulphate and Consulting Engineer, Kahoka, Mo 
chlorine to produce “chlorinated-cop- : , 3 
peras” at the point of usage. ° . ° ° 

ween d Operating Kinks in Sewerage Practice........................ 173 

“Centrifugal Dewatering of Sludges’’— 
By Philip B. Streander, a Consulting By A. M. RAWN 
Engineer of New York City, because of H * . ° ° os at 
eens aur tami’ aaeaen tab Assistant Chief Engineer, Los Angeles County Sanitation District 
voluminous for a single issue. Part I, Los Angeles, Calif. 
dealing with “Theory, Principles and 
Applications of Centrifugal Methods,’’ 
Sct ie coe kee ten, tee Secondary Elements for Water Works and Sewerage Meters... . 176 
dealing with ‘‘Centrifugal Machines Now 
Available” (their design and characteris- By L. D. CARLYON, M. E. 
tices) was scheduled for this issue. We i 
regret that the length of the contribu- Bailey Meter Co., Cleveland, O. 
tion and the arrangement of this issue ° + ° : 
prevented the scheduled appearance of Meeting of Florida Section of A. W. W. A. Pe I es a eee ee 18] 
a II of Mr. Streander’s article. Rather : 
than depreciate the presentation by cut- ° ° - ‘is 
ting the manuscript or leaving out illus- Automatic Softening and Iron Removal Plant at East Lansing, Mich. 186 
trations, his article is being held for our 
June issue. The regrettable skipping of By FRANK R. THEROUX 
> mene 5 wnavolmanie. Associate Professor of Sanitary Enginering, Michigan State College, 

ee and Corrosion Control in Aque- East Lansing, Mich. 
ous Systems’’—is being accomplished by 
modern methods, involving the use of That A.W.W.A. May Go Forward BIS AG Ak oe pW eee ar Rial ahs cea te ne tee 189 
organic-base inhibitors added to the 
water in closed systems such as are i i 
<A A Quick Method of Making Wet Taps....................... 190 
facturing plant. D. W. Haering, Chem- By E. T. CRANCH 
ical Engineer of Chicago, with a broad M N Rochell Wat Cc 
experience in corrosion control, discusses anager, New Rochelle YYater Vo. 
this practice as it stands today. Indus- e ° 
trial usage demands more than the Editorials Weer ee ee ae eee Coe ee CO 8 ee eee 191] 
re which municipal treatment 
provides and this topic is an important H H H : 
ieldlecatien ta iclucaris catae Goo. Equipment News and Literature Review....................... 193 
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Even in China... 
IT MEANS THAT AQUA NUCHAR 


IS DOING A VERY EFFECTIVE 
JOB OF TASTE and ODOR REMOVAL | _ 












ix 
% ya peared in the Chinese 
a 6% Chemical Society Publica. 
" st * z Ge tion “CHEMISTRY”, Vol, 
- © 
5 a! - 
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a) NUCHAR ad. as it ap- 












BARKER RPSARMAANERERA, A 
UREKPLRRME , RUAFMAN—HURHZEKWRONZ HA 


GR, HARM, RA, MAA TTA, Tie A RO HE 
Fie MARU, BRIA Bes, NUCHAR MRIS Be, Ite 
Fy ER BIE Be RE A BT > 
SIME D, OUR RER, PUG RMA G AOKM ZR ALIIER, EBA 
PKRBBA EBA R, CO en Rit IHACKR, ST AK, Kee 
BARKS R, LPAI NUCHAR GERD RKB KZ RH 
HE RAK , MIE HM BA KM RCH WRT. 

























“Rre you making your plans 
now to attend the National 
Meeting of the American Water 
Works Association, Los Angeles, 
Calif., June 8th to 12th? Many 
interesting papers are to be read 
and you should be present.” 




















INDUSTRIAL CHEMICAL SALES CO., INC. | 


230 Park Avenue 418 Schofield Bldg. 205 W. Wacker Drive 
New York, N. Y. Cleveland, Ohio Chicago, Illinois 
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ronelo ed el-Wel-) oh ut-fmos ele M-Sbi-} ol-seKet-te! 
matter must be removed.... 


@®.The Chain Belt Company has long been a leader in 
the supplying of equipment for purifying of America’s 
Water Supply. 

First.came the problem of removing floating debris, to 
be rapidly follawed by the need for sewage disposal, 
and next, trade wastes and other suspended matter. 

Today, Rex Sanitation Equipment is in extensive use, 
eliminating debris and pollution at-the source in sewage 
disposal and trade waste plants, screening intake water, 
and removing suspended solids in: water works and 
filtration plants. 

The Chain Belt Company will be glad to furnish 
any desired information on Rex Sanitation Equipment 
. .. and its application. | 






















These books give basic operating and 
mechanical data on Rex Sanitation 
Equipment. Intended primarily to 
cover the subject of sewage disposal 
and water treatment, they will also be 
useful in cOmtection with other phases 
of trade wastes treatment-Gheek any 
or all of them that interest you. ‘ 


Rex Conveyor Sludge Collectors 

Rex Tow-Bro Sludge Remover 

Rex. Sludge Pumps 

Rex Mechanically Cleaned BarScreens 
Rex’ Intake Screens 

Rex Spray Nozzles 

Rex Grit Removers and Washers 
Rex Triturators (Screenings Shredders) 


CHAIN BELT COMPANY 


1610 W. Bruce Street, Milwaukee, Wisconsin 









Sanitation 
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Completely “self-supporting” — right from the start! This sludge-gas 
engine (Type EN-8) will direct-drive a rotary blower for the Madison 
(Wis.) Metropolitan Sewage District. Rating is 230 H. P. at 514 r. p.m. 
Exhaust heat will be utilized for digestion. All Cooper-Bessemer gas and 
Diesel engines are convenient, reliable, economical. Sizes range from 
25 to 500 H.P. Tell us your present cost of power, and we'll show 
you how to effect big savings. 


THE COOPER-BESSEMER CORPORATION 


Mt. Vernon, Ohio PLANTS — Grove City, Pennsylvania 


25 West 43rd St., Mills Bldg., 640 East 6lst St, 201 E. Ist St., 631 Spring St., 53 Duncan St., Magnolia Bldg., Esperson Bidg 
New York City Washington,D.C. Los Angeles, Calif. Tulsa, Oklahoma Shreveport, La Gloucester, Mass. Dallas, Texas Houston, Texas 


Gas and Power Equipment Company, Birmingham, Alabama 
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OINTING 
in THIS form 


proved a 
Life Saver! 












Acme 
A FEW weeks ago, when floods swept down the James River in Vir- 
ginia, the city of Lynchburg was constructing a 36-inch supply line. 
Tegul-MINERALEAD—40,000 lbs. of it—used in jointing the bell and 
spigot pipe, was stored in a city building near the river. The stock was 
submerged—for days. 


Some Other Advantages If it had been in powder form, it would have been difficult and costly to 
of the Ingot form: reclaim. Even had none of the fines washed out, each batch would have had 


Light enough to be handled to be dried out for hours. 
easily @ May be stored out- 


doors in any weather Didn’t bother Tegul-MINERALEAD a bit 
ede Being Tegul-MINERALEAD— in ingot form—it wasn’t damaged at all. As 


route to the job @ Melts i. ‘ eae 
and pours easily @ More soon as it could be reached, it was ready and waiting to go to work. The 


can be added to melting water didn’t bother it one bit. 

90t while the pourin zoes . 

ant on ®@ eiema ba } owre not expecting FLOODS 9 @ ? 

other lead substitutes @ No Neither was this community. They specified Tegul-MINERALEAD because they wanted 
caulking or deep bell holes a compound reliable under all conditions. They wanted one that would cut initial 
gna. leakage as much as 96%—one that would be three times as elastic as ordinary sulphur 
compounds—twice as resistant to mechanical shock—and about twenty times more 










s resistant to thermal shock (sudden temperature change). 

n Isn’t that the kind of jointing compound you want? The initial cost is but 
1, slightly higher. The eventual economy is beyond question. 

d May we send you more information? Address: 

n THE ATLAS MINERAL PRODUCTS COMPANY 
/ of Pennsylvania 


MERTZTOWN @ PENNSYLVANIA 


sae otc She a a i li Rit Ta ap iN 


MINERALEAD 
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Are THESE the Qualities 4 
You Want in a Coagulant? 


Quick-forming, Rapid- 
settling floc, ::The  Ferrisul 
floc forms immediately-and settles 
quickly. Low temperatures have 
little effect on floc formation. 


Floc Stable over Wide 


pH Range. The Ferrisul floc 
is stable over the entire pH range 
from 3.5 up. It is especially useful 
in the pH ranges below 6.0 and 
above 6.8 where many coagulants 
are ineffective. It is ideal for the 
removal of manganese and color 
from soft waters at high pHs, and 
in many Cases, it permits the addi- 
tion of lime defore filtration. 


Easy to Handle — Easy 


to Store. Ferrisul can be stored 
in a_concrete bin, and handled in 
standard dry-feed machines. It does 
not: cake in the bins, nor does it 
melt in summer or harden’in winter. 


Minimum Dosages. Since 
the Ferrisul floc forms quickly at 
low temperatures and at high alka- 
linitiés, an overdose is seldom, if 
ever, required. 


Simple Operation. Ferrisul 
needs no elaborate chemical opera- 
tionor control, since it forms a ferric 
iron floc without the addition of 
other chemicals. 


Seasonal Requirements. 
In sewage treatment, Ferrisul permits 
the handling of seasonal overloads 
with no increase in plant capacity. 
In water treatment, it offers easy 
solution of such seasonal problems 
as the removal of color, at low 
temperatures and pHs, from soft 
waters of low alkalinity in winter, 


MERRIMAC CHEMICAL COMPANY Everett Station, Boston, Mass. 





Ferrisul is anhydrous ferric sulfate, granular in form and free flowing. It is easy 
to handle and easy to store. An efficient ferric iron coagulant, it flocs well at all 
temperatures, forming a quick settling floc that is stable over a wide pH range. 


and the coagulation of soft waters 
of high alkalinity caused by algae 
growth in summer. 


Inexpensive Source of 
Ferric Iron. Ferrisul is an inex- 
pensive source of ferric iron. It 
also permits economies in equip- 
ment for storage and handling. 


Present Users. Among present 
users of Ferrisul are the Providence 
Water Works, Providence, R. I... 
Anheuser-Busch, St. Louis, Mo. 
.. . Pinellas Water Co., St. Peters- 
burg, Fla. Princeton Iuc., 
Watertown, Conn. ... . Missis- 
sippi Valley Barge Lines, St. 
Louis, Mo. 


Booklet and Further Information. If you have not already re- 
ceived your copy, write today for new booklet, Ferrisul for Water and 
Sewage Treatment. Or consult us in regard to your specific problems. 






FOR WATER 


AND SEWAGE TREATMENT 





A Subsidiary of Monsanto Lhemical Lompany 
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NOW. ee an Improvement 


IN SEWER PIPE 
That Will Add Years To its Life. 


Permanently Tight Adhesion, 


se in Plastic Range 


Ten years of service has already proved the 
value of putting a smooth bituminous pavement 
: in the bottom of corrugated metal pipe. More- 
over, in practically all of the installations in- 
spected, these pavements are giving complete 
protection to the underlying metal. 

Nevertheless, Armco engineers have been con- 
stantly striving to improve this product, to make 
it serve your needs still better. And now, after 
many years of research, they have found the 
answer in an entirely new process, called 
Asbestos Bonding. 

Here’s what it is briefly. As the flat Armco 
Ingot Iron sheets emerge from the galvanizing 
rolls, asbestos felt is firmly embedded in the 
molten zinc coating. After the zinc hardens, the 
outer surface of thesé asbestos fibres is com- 


50% Increa 





Here’s a fully coated section of Asbestos Bonded Armco Paved 
Invert Pipe. While developed especially to resist severe conditions, 
it is also recommended wherever a high degree of permanence 1s 


desirable in sewer or drainage installations. 





















pletely saturated with a special bituminous 
material. As a result, when the finished pipe is 
paved and coated in the usual way, there is a 
permanently tight bond between the bituminous 
coating and the pipe. 

In addition, tests show that Asbestos Bonding 
actually widens the plastic range of the coating 
and pavement as much as 50 per cent. This 
provides an extra factor of safety, especially in 


storing and handling the pipe. Moreover, with 
these two improvements—enduring adhesion, 
plus a wider plastic range— it is obvious that the 
service life of the pipe will be greatly increased. 

There’s a new bulletin— just off the press— 
that tells you many of the things you will want 
to know about this modern pipe. Write for your 
free copy. Armco Culvert Manufacturers 
Association, Middletown, Ohio. 


BONDED Armco Paved Invert Pipe. 
SE eR Ee de 

Title_ 
Address 
City 

















Please send me your free bulletin describing ASBESTOS 
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Non-tuberculating Transite Pipe maintains 


its high flow coefficient indefinitely... hence 
every section provides a PERMANENTLY 


effective unit of water transportation 


T ISN’T a question of so many feet 
... for so many dollars. 


Actually, your investment is not in 
pipe, but in water transportation facili- 
ties. Thus, for accurate accounting of a 
pipe line’s effect on pumping costs, you 
must go beyond the purchase price. You 
must determine the value of every sec- 
tion as an effective water carrier. 

And not merely its effectiveness at in- 
stallation, but also in the years to follow 

. when, in all too many cases, water- 
main capacity is seriously cut down by 
tuberculation. 

These are the fundamentals that deter- 
mine the ultimate economy of any water 
pipe. And that is why you cannot afford 
to pass up the savings effected by Johns- 
Manville Transite Pipe. 


Transite Inherently Permanent. Tu- 
berculation . . . seriously, constantly de- 





CLOSE-UP of one of the huge machines on 
which Transite Pipe is formed, under high pres- 


sure, into a dense, homogeneous structure, 
remarkably resistant to destructive agencies. 


creasing the delivery capacity of ordinary 
pipe. ..is physically impossible in Transite. 
Made of asbestos and cement, Transite’s 
inherent permanence is never affected by 
this chemical reaction. 


Thus, with Transite, the reason for low 
pumping costs is found inside the pipe. 
From the day it comes off the steel man- 
drel that forms its smooth interior wall, 
Transite’s minimum coefficient of C-140 
remains unchanged . .. and pumping costs 
stay permanently low. 


= 
i 








Comparison Shows Savings. Match 
Transite’s constant coefficient with one 
that drops steadily, due to tuberculation. 
It costs only half as much to pump against 
a coefficient of C-140 as against one of 
C-100. Over a period of years, every sec- 
tion of Transite becomes an almost doubly 
effective unit of water transportation. And 
the savings . . . in terms of lower pumping 
costs... pile up proportionately. 


Send for the interesting series of hy- 
draulic tables covering this very impor- 


ae 





And Transite Cuts Installation Costs, Too! 


THE SIMPLEX COUPLING used on Transite 
Pipe lines is a factor in reducing installation 
costs. Simplex Joints require no caulking; are 
rapidly assembled by unskilled labor. The 
trench can be kept to a minimum width. 


JOHNS MANVILLE 


PRODUCTS 
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TRANSITE’S relatively light weight results in 
installation savings, too. As the picture shows, 
two men easily handled this 13-ft. length of 8" 
Transite. All sizes up to 18" can be handled 
without mechanical equipment. 


Johns-Manville 











tant relationship between friction resist- 
ance and pumping costs. Based on the 
Hazen & Williams Hydraulic Tables, they 
establish the power needed to overcome 
loss of head due to friction in different 
sizes of pipe, carrying varying quantities of 
water, and with values of C from 60 to 140. 
Also send for a copy of the Transite 
brochure, giving full details on Transite’s 
important maintenance and installation 
savings as well as low pumping costs. 





ON THIS TEXAS JOB, the flexibility of Trans- 
ite’s Simplex Coupling is well illustrated. The 
joints will remain permanently bottle-tight, 
eliminating a multitude of lesser leaks and 
preventing such leaks from causing breaks in 
mains by washing away supporting soil. 





Id 









Savings on the Outside! 


At Overland, Mo., electrolysis resulting from a street 
railway system and corrosion due to a cinder fill caused 
replacement of existing water lines. Transite Pipe was 
chosen to overcome this particular problem because it 
is immune to electrolysis and highly resistant to soil 
corrosion. (Installed by St. Louis County Water Co.) 


















JOHNS-MANVILLE, 22 East 40th St., New York City 
Send me the Transite Pipe Brochure and Hy- 
draulic Tables. 








TRANSITE PRESSURE PIPE i 


An ASBESTOS Product = «.—— ial 
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ACTIVATED CARBON 








PRODUCED SPECIFICALLY FOR WATER PURIFICATION 


Municipalities faced with the elimination of objectionable taste and odors from 
their water supply are urged to consider CLIFFCHAR. 


Produced in a plant devoted exclusively to wood chemicals and allied products, 
CLIFFCHAR constitutes an Activated Carbon of the highest order and characteristics. 


It is produced solely from selected hardwoods—the most desirable of wood 
for the purpose. Every step of the process, from carbonizing to activating, is 
under rigid control. 


CLIFFCHAR “R” 


A SPECIAL GRADE FOR WATER PURIFICATION 





In properties, size and density, CLIFFCHAR “R” is 
suited specifically to treat water. 


Low phenol value, as shown by standard phenol tests, 
indicates its exceptional ability to remove phenolic 
and similar compounds. 


Ground to extreme fineness (99% passing a 325 mesh 
screen) it gives maximum surface exposure with the 
greatest possible adsorptive capacity. 


Controlled and uniform density accomplishes the dual 
features of assuring a suspension period long enough 


to take full advantage of its high adsorptive ability 
yet completely settle out in ordinary settling basins. 


Finally, it will not cause “loss of head’ when applied 
directly to sand filters. 
The experience of water works officials in leading 


cities with CLIFFCHAR Activated Carbon is tangible 
evidence of its definite advantages. 


We will be glad to furnish further information or re- 
port on any specific question. Your inquiry involves 
no obligation. 


CLIFFS DOW CHEMICAL COMPANY 


MARQUETTE . . MICHIGAN 
WAREHOUSES 
New York Buffalo Baltimore Philadelphia Pittsburgh Cleveland Detroit « -¢ Cincinnati 
Louisville Minneapolis Chicago St. Louis Kansas City 
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“THROUGH TESTS 
MORE SEVERE 

THAN 50 YEARS 
a ACTUAL SERVICE” 


OTOVALVES 


Compact, neat — Monel metal seat rings — 3-bearing 








mounting of plug — full Alemite lubrication — all work- 
ing parts can be removed with pressure on valve — can 
be installed in any position— are designed to accommo- 
date any type of automatic control. 


See our Exhibit at APPLICATIONS: Automatic Check—Pressure Regulating—Pressure 
A. W. W. A. Conven- 


+ gy Relief—Electric Control Altitude—Motor Operated—Hydraulic Stop 

a oo oo Manual Stop—Float and Blow-off—Free Discharge—Synch 

Aataplen, Call a op—Float and Blow-off—Free Discharge—Synchronous 
elief. 





RGAN wWwMITEA 


YORK - PENNSYLVANIA 
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SHOWING 
the relative space required for dry- 
ing sludge on sand filter beds in a 
city of 100,000 population, contrasted 
with that occupied by the Nichols 
Herreshoff Incinerator to assure 
complete disposal. The sludge bed 
area is approximately 100,000 sq. ft. 
and the incinerator area about 2,500 
sq. ft... .. in the ratio of 40 to 1. 
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O better -evidenee shows the com- 
pactness of a Nichols Herreshoff 
Sewage Sludge Incinerator installation 
than the comparative illustrations here- 
with. They graphically visualize the 
economy of space made possible by this 
improved, scientific way to 


resulting residue jis a dry, odorless, 
virtually inorganic ash. Minimum 
labor. and maintenance costs also 
assure maximum economy of operation. 

Engineers and public officials interested 
in solving municipal waste disposal problems 


by this economical, sanitary 





dispose of sewage sdudge 
solids by burning. The 
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NICHOLS HERRESHOFF 
SEWAGE SLUDGE 


INCINERATOR | 


method are invited to send for 


more complete details. 

















eo AEP Hproeet NU 2230, Fresno, California; Tean-Finecens, Director-0f Pibtie. 


Works. One mile of 30-in. reinforced concrete sewer pipe connects airport 
to 48-in. concrete outfall built iv 1917. Maximum cut on new project, 12 ft. 
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FRESNO LOOKED AT PAST PERFORMANCE AND CHOSE 


Guerele O7ye 


FOR ITS NEWEST SEWER PROJECT 


RESNO’S WPA project begun 
carly in 1936 calls for one mile of 
30-inch concrete pipe running from the 
airport to a 48-inch concrete pipe out- 


fall sewer built in 1917. 


Concrete pipe was selected because of 


the excellent service record of this older 


sewer, which was built with 5-inch 
walls and runs one-half to two-thirds 
fullexcept under rare storm conditions, 
with 2% feet per second average veloci- 
ties. The old pipe was found to be in per- 


fect condition after 19 years of service. 





Fresno has nearly 25 miles of concrete 
pipe sewers, all in first class condition. 
Satisfactory sewer performance requires 
good materials plus proper design, con- 
struction and operation. That means 
the use of concrete, and the supervision 
of an experienced sanitary engineer. 
His service is cheap Insurance on ‘the 
success of these important: jobs? - 

Write for booklets ‘‘Monolithic .Con- 
crete Sewers’ and ‘“‘Conerete Pipe Sew- 
ers, providing helpful data on the use 


of concrete in sewers. Free upon request. 


PORTLAND CEMENT ASSOCIATION 


Dept. A5-29, 33 W. Grand Avenue, Chicago, III. 


Vater Works and Sewerage—May, 1936 








More Sewage Treatment 
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Plants on this Continent 
are using ALOXITE BRAND 
REG. U. S. PAT. OFF. 


DIFFUSER PLATES AND TUBES 
than any other Diffusers 
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"hie fact that so many sewage treatment plants use 
Aloxite Brand Diffuser Mediums is significant. It 
means that Aloxite Brand Diffusers have proved their 


efficiency by performance. 


lt means that skilled research and experienced engi- 


neering service have combined in the production and 


application of these products of superior quality and 


proved characteristics. 


Write our Sanitary and Filtration Department for in- 
formation on design, specifications and engineering 
data on the application of these diffuser mediums in 


sewage and water plants. 


THE CARBORUNDUM™M COMPANY 


Niagara Falls, N. Y. 





Sales Offices and Warehouses in New York, Chicago, Boston, Philadelphia, Cleveland, Detroit, Cincinnati, Pittsburgh, Grand Rapids 


(Carborundum and Aloxite are registered trade-marks of The Carborundum Company) 
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SCULPTURED IN TIN 


BY L. L. BALCOM 


O the pioneer railroad builders 

of the last century goes the 

credit for opening up rich, new 
territories in the West. To the pioneer 
chemical companies of today goes the 
credit for opening up many rich, new 
fields of activity for industry. Among 
these companies is EBG—first to produce 
Liquid Chlorine in the U.S. A. New fron- 
tiers...new pioneers! Yet the old confi- 
dent spirit of the empire builders lives on. 
When you need Liquid Chlorine —or ex- 


perienced counsel regarding its use—turn 


to EBG, the pioneer—first in the country! 


ELECTRO BLEACHING GAS COMPANY 
MAIN OFFICE: 9 EAST 4Ist STREET, NEW YORK, N. Y. 
PLANT: NIAGARA FALLS, N. Y. 
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@ Men who must shoulder the responsi- 





bility of specifying extra large valves 
dare not guess, seldom can risk experi- 


ment. Investments are too large, de- 





mands for reliability too imperative. 

To their aid Crane brings an abun- 
dance of experience and a fund of engi- 
neering knowledge built up over three- 
quarters of a century. Coupled with the 
outstanding design features of Crane’s 
large valves is a perfected manufactur- 
ing technique and the kind of craftsman- 
ship that makes results positive. 

Where time is important, the great 
range of sizes, types, pressure groups and 
operating mechanisms which Crane is 
prepared to supply are a decided ad- 
vantage. 

The Crane branch or distributor near 
you is prepared to give you valuable co- 
operation and complete information on 


stock as well as special designs. 





When you attend the A. W, W. A. Con- 
vention at the Los Angeles Biltmore, June 
@ Crane 36-inch, O. S. & Y. low-pressure gate valve on centrifugal 8 to 12 don't miss the Crane exhibit on 
water pump. Disc accurately guided to its seat, minimizing wear 


of faces. May be fitted with spur or bevel gearing, or with cylinder display there. 








for hydraulic operation or with motor drive. 


CRANE _| 


CRANE CO., GENERAL OFFICES: 836 S. MICHIGAN AVE., CHICAGO, ILL:NOIS + NEW YORK: 23 W. 44TH STREET 





Branches and Sales Offices in One Hundred and Sixty Cities 





VALVES, FITTINGS, FABRICATED PEPE, PUMPS, HEATING AND PLUMBING MATERIAL 
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IN 15 Minutes You CAN Renew 
MATHEWS HYDRANTS 


This barrel contains all working parts. It 
is interchangeable with every Mathews 
Hydrant ever made of the same diameter 
and trench depth. It is inserted without 


digging a spoonful of earth or breaking 


an inch of pavement. Whether Mathews 
Hydrants are 60 years old and in need of 
modernizing or 6 months old and broken 
by traffic, you can renew them in 15 min- 


utes and save excessive installation costs. 


See pages 124 and 125 of this issue 
FOR FULL DESCRIPTION, COST, OR MODEL-DEMONSTRATION, WRITE 


400 CHESTNUT STREET 
* * @ PHILADELPHIA EST. 1803 


Makers of SAND-SPUN PIPE, the lighter, stronger pipe, centrifugally cast in sand molds 
Water Works and Sewerage—May, 1936 
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G. H. Sargent, City Engineer at LaGrange, Georgia, where HTH 
is used at the filtration plant, in wells and at swimming pools, 
including the new municipal pool and the local country club pool. 





EW finer tributes have been paid to the usefulness of HTH than that of 

G. H. Sargent, Citv Engineer of the City of LaGrange, Georgia. **When you 
brought out HTH a few years ago, we were one of the first to recognize its ad- 
vantages as a guick and convenient source of chlorine,” writes Mr. Sargent. *“We 
have used it successfully at the filtration plant at times to overcome a CO, con- 
dition in the raw water supply, adding a solution of HTH with the alum.” 


““We have also recommended HTH for use in wells and in swimming pools 
including our local country club pool where it is used in the pool water and for 
locker room sanitation. The use of HTH in our municipal swimming pool, 
opened in the spring of 1935, in locker room foot baths and for scrubbing all 
floors, is responsible in our opinion for the absence of a single case of athlete’s 
foot around the pool.”’ 


LaGrange offers still another instance where Mathieson Chlorine and HTH 
work hand in hand for better sanitation. ‘‘We have used your Liquid Chlorine 
practically ever since our filtration plant was built, twenty-one years ago,” 
says Mr. Sargent. “In that time we have never had a complaint due to sticking 
valves or lack of proper service.” 


The MATHIESON ALKALI WORKS (Inc.) 


60 East 42nd Street New York, N. Y. 
Soda Ash Liquid Chlorine ... Bicarbonate of Soda... HTH and Filtration Plant, City of LaGrange, Georgia. 
HTH-15 Caustic Soda... Bleaching Powder... Ammonia, Anhy- Since this plant was built twenty-one years ago, 
drous and Aqua... PH-Plus (Fused Alkali)... Solid Carbon Dioxide Mathieson Liquid Chlorine has been used regularly. 
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IB OWEN": RESEARCH CORPORATION 
GARWOOD, NEW JERSEY 
936 















































WATER WORKS FIELD 


The new baby's initials are A. A. C. 


: This newcomer has big things ahead. Soon—very soon, 
we hope—it will be offering you valuable aid, developed 
through extensive research in the field of coagulation and 
taste and odor control. 





HERE’S 
THE 
BABY’S 
CARRIAGE 





@ Never saw one like this before, did you? Pulled, instead of 
pushed! A completely outfitted water works laboratory on wheels @ 
Includes apparatus of special design, which will determine the in- 
fluence of varying coagulants upon different potable waters. 

The PRODUCTS: @ BLACK ALUM—an activated carbon-com- 
pounded coagulant. Produces fast floc formation and better de- 
fined floc. Stabilizes sludge—conditions filter sand. © COAG—a new 
coagulant containing activated carbon and other coagulating com- 
pounds. Developed especially for fields which require a highly effi- 
cient coagulant at a cost below that of regular Alum. 


@ Both in limited production, 
the present. 


@ Samples? Yes, we'll be glad to send them, along with more 
specific information. Address: 


“THE HOUSE OF COAGULATION” 


Activated Alum Lorp. 


Main Sales Office 
BROAD STREET NEW 





east of the Mississippi only—for 


80 YOR 


CRT NYS 
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Announcing aie HE 
A BLESSED EVENT 














ON THE SPOT 


story: Breaks had started i in the 
sewer line. Bad odors all over 
town. The sewer bonds not yet / 
half retired... . The voters 
blamed the city administration. 
Election time drew near. an? 

Then the Mayor happened 
to read an article on “Use of 
Chemicals in Sewage/Treathént”. It explained that 


| Hydrogen Sulphide (H2S)— ‘generated i in the sewage 


| / 
by bacteria—cause’s bad’odors, forms sulphuric acid, 


which destroys sewer lines long before their time. The 


"article stated further that BEAR BRAND CHLORINE, 
| applied to sewage, prevents formation of H2S, neutral- 


izes it if already présent, stops odor nuisance, protects 


| sewer lines against untimely destruction. 


Of course, thé Mayor decreed that the sewage be 
treated with Bdar Brand Chlorine. He was reelected. 
In memy California communities mayors, supervisors, 
councilmen, may find themselves on the same spot. It’s 
' so easy to avoid it. Installation cost 

of chlorination equipment, and 
upkeep, are low. You may have a 
reprint of the “Use of Chemicals 
in Sewage Treatment” for the ask- 
ing. Also detailed information on chlorination. Let us 
know your plant capacity and method of treatment. 





Liquid Chlorine * Ammonia « Ferric Chloride 


GREAT WESTERN 


ELECTRO-CHEMICAL CO. 


9 MAIN STREET « SAN FRANCISCO, CALIFORNIA 
4151 BANDINI BOULEVARD « LOS ANGELES, CALIF. 
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When the American Water Works Association held its first 
annual council meeting 56 years ago The Ludlow Valve Mfg. 
Company was already 14 years old. 


Ludlow made its first great contribution toward reliable and 
efficient water works equipment as originator of the double 
disc gate valve. Each year since, has seen other contributions 
—refinements in valve and hydrant design—the development of 
better materials—greater precision in manufacture—improved 
service to the industry. 


Ludlow salutes the A.W.W.A., and is proud of its record of 
cooperation with and service to the leading water works engi- 
neers of the country. 









LUDLOW NO. 90 HYDRANT 


This hydrant combines to an unusual] 
degree, efficiency, graceful design, 
and simplicity of repair. 


SEWERAGE AND 
FILTRATION EQUIPMENT 


All types and sizes of valves, shear 
gates and sluice gates are included in 
the Ludlow line. 


Every Ludlow Water Works 
Valve is built to specifications 
of the American Water Works Association. Send for 
a complete Ludlow catalog. 


The LUDLOW VALVE MFG. C 


| | 
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LUDLOW GATE VALVES 


The original Ludlow design is still the 
standard on which all double disc gate 
valves are patterned. Look at this 
cross section—its simplicity—rugged- 
ness —unusually small number of 
working parts. There are Ludlow 
valves over 50 years old in active serv- 
ice. Ludlow valves are available in 
every size and style used by the water 
works industry. 
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« NEW YORK 
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IT IS THE UNUSUAL— 


"that brings out Foundry Technique 


“LYNCHBURG” has built its enviable reputation on its 
ability to produce difficult “SPECIAL” fittings and big 
cast iron pipe of the finest quality—work that demands 
the best Foundry Technique . . . Special equipment, and 
an organization trained to the job enable us to boast that 
a job does not come too large or difficult for us to 
handle with dispatch . . . Write, Wire or Phone “Lynch- 
burg” for quick estimates. 



















Bell and Spigot Pipe and Fittings. From 4” to 54”. 
Cast Iron Flanged Pipe. From 3” to 84”. 
Cast Iron Flanged Fittings and Flanges. From 1” to 84”. 
Super-de Lavaud Centrifugal Cast Iron Pipe. 





Special Iron Castings for the Chemical Industry 





LYNCHBURG FOUNDRY COMPANY 


Peoples Gas Building GENERAL OFFICE - LYNCHBURG, VIRGINIA 50 Broad St. 
Chicago, Ill. New York, N. Y. 



















‘BLAW-KNOX 





“ a 
ONE PIECE e NON-SLIP —T/ 
SELF-CLEANING _ 


NO RATTLES e EASILY PAINTED 


See and examine this one-piece, non-slip Blaw-Knox Steel Stair Treads are made 
grating for yourself. We have prepared a from Electroforged steel grating using a 
sample, paper weight size, and will be nosing made from rolled diamond check- 
glad to send it to you on request together ered plate which sharply defines the edge 
with complete catalog. Just say—send of each tread. Available in all standard 
Grating sample. sizes. Ask for Form 1498. 


BLAW-KNOX COMPANY 


2053 FARMERS BANK BUILDING - PITTSBURGH, PA. 
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@ The Comminutor is installed in the raw 

sewage channel either indoors or outdoors 
with its revolving slotted drum partially sub- 
merged. Raw sewage flows through the slots 
in the side of the drum, out its bottom, and on 


to the Primary Settling Tank. Stellited cut- 





ters on the drum comminute coarse material 


to pieces small enough to pass through the 


4,” or %” slots. 


COMPETENT ENGINEERING 
SERVICE TO CONSULTANTS. 








VACUUM— CONDENSATION — CIRCULATING — BILGE 
FIRE — HOUSE — SEWAGE — SCRU-PELLER PUMPS 
AERATORS — COMMINUTORS — SAMPLERS 


2349 Wolfram St., CHICAGO Phone: BRUnswick 4110 


=9 
@ No Screenings to handle where coarse * 
material in raw sewage is comminuted. ; 
The cut-up material settles rapidly in the Fig. 1970 — 15” Com- ! s 
Primary Tank and is pumped without trouble a. a ee 
to the Digestion Tank for final disposal. spaced ese iaraap — 
and the handling of 
screenings by cutting up , 
coarse material in raw j 
C OMMINUT OR sewage without removal ip . 
‘ from the channel. ii 
ELIMINATES | 
BAR SCREEN | 
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HE ENGINEER who plans a sewage treat- 

ment plant must count upon a tight line 

and tight joints in the sanitary sewers that 
lead into that plant. The sure way to have 
infiltration-proof influent lines is to build them 
with cast iron pipe. The best way to protect the 
taxpayers’ investment is to buy cast iron pipe 
and get a permanent installation. No other 
material practicable for sewer mains has crushing 
strength comparable to that of cast iron. The 
trend to cast iron pipe for sewer mains is un- 
mistakable. For further information, address The 
Cast [ron Pipe Research Association, Thos. F. 


Wolfe, Research Engineer, 1015 Pease inex] 


Peoples Gas Building, Chicago. 


ao re 
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Cast iron sewer main at Durham, N. C. 


CAST IRON PIPE 
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A NOVEL GRAVITY FILTER PLANT 


By W. MARTIN JOHNSON, C.E.* 


Lynchburg, Va. 


r 4 HE historic Town of Lex- 
ington, Virginia, is located 
in a section of the state 

which has always attracted many 
tourists, who come to visit its 
many points of historic interest 
and natural beauty throughout 
the year. It is the home of the 
Virginia Military Institute and 
of. Washington and Lee Uni- 
versity, two of Virginia's oldest 
and most cherished institutions 
of learning. Its water supply, 
which serves the industrial and 
domestic needs of the commu- 
nity, as well as the needs of the two institutions, is pub- 
licly owned and generous provisions have been made and 
are being supplemented to provide a safe and attractive 
water supply service for the use of the community and 
its many visitors and guests. 

The primary water supply has been obtained from 
springs and mountain streams, which flow by gravity 
with abundant head into the distribution reservoir of two 
million gallons’ capacity, which is cut into the top of 
a dome shaped hill on the outskirts of the town. As 
the town and its requirements have increased, the avail- 
able gravity supplies have failed to meet the demands 
during certain seasons, and it has from time to time 
become necessary to provide emergency pumping’ sta- 
tions to temporarily supplement the supply from various 
close-by springs, which, in turn, have not been found 
adequate to give permanent relief. 

With the assistance of the PWA the town has now 
been able to meet a long felt need for the development 
of a permanent and adequate emergency supply to sup- 
plement its splendid gravity system. The gravity supply 
which is of exceptional quality and purity is at present 
untreated, except for chlorination, while the auxiliary 
supply, which is to be obtained from the Maury River, 
previously known as North River, will require complete 
treatment. As the mountain supply, however, becomes 
more or less turbid at certain seasons of the year, it 
was, of course, found desirable to locate the new treat- 
ment plant at a point, where both the gravity and the 
supplementary river supplies could be treated, and the 


The Author 





*With Wiley and Wilson, Consulting Engineers, Lynchburg, Va. 
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site of the present distribution reservoir offered the 
only logical point for the location of such a plant. 


Selecting Location and Design of Plant 

The distribution reservoir is located at just sufficient 
elevation to deliver the water to the various sections 
of the community. Due to the topography of this site, 
and the absence of elevated ground for the location of 
the treatment plant in that vicinity, it was impossible 
to use a conventional! type of filter plant and also avoid 
the necessity of pumping the filtered water from one or 
the other source to the reservoir. This, notwithstanding 
the abundant head available on the existing mountain 
gravity system, unless pressure filters were used, which 
was not considered desirable. After a study of this 
situation, it was decided that the electric power require- 
ments and standby charges could be greatly reduced by 
the development of an elevated (multi-story) type of 
filter plant to eliminate pumping costs for the greater 
part of the time during which the gravity supply will 
be entirely sufficient. Furthermore, the savings in stand- 
by charges during periods when filtration of the gravity 
supply is not required was an added consideration. 

The rather unusual filter plant design of 800,000 
y.p.d. capacity was developed to meet these special con- 
ditions. As shown by the accompanying photograph 
and plans, the plant consists principally of a vertical 
cylindrical reinforced concrete sedimentation tank 39 
feet in diameter by 40 feet high, with reinforced con- 
crete filter tanks and chemical mixing chambers, built 
into the top of the coagulation tank, and at such eleva- 
tions as to obtain gravity discharge of the plant effluent 
into the present distribution reservoir which occupies 
the top of the hill. The maximum water level of this 
reservoir is 14 feet above the base of the filter plant 
structure when located on the highest available adjacent 
ground. 

Since the auxiliary river supply has a hardness of 
about 9 grains, whereas the existing gravity supply is 
comparatively soft, provision has been made for the 
future installation of Zeolite softeners, the elevation of 
the filters being sufficient to take care of the additional 
head requirement for operation of the Zeolite units. 

Raw water will enter the influent chamber at the top 
of the basin. At this point the chemicals are to be 
added to the water which will flow through baffled mix- 
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Novet Gravity Fitter PLANT 
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Novel Filter Plant Under Construction at Lexington, Va. (Wiley & Wilson, Engineers). The Design of This Unusual Plant 
Developed During an Evaluation of Several Economic and Technical Considerations Involved—Both as to Construction 
and as to Operation. 
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Lexington Filtration Plant—Sectional Elevation. 
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Novet GRAVITY 


FILTER PLANT 












ing basins, equipped with variable 
speed mechanical mixers and floccu- 
lators. These basins are located so 
that the water is visible during the 
entire mixing period of forty-five 
minutes. The coagulated water will 
then flow through a downtake pipe 
to the bottom of the circular coagula- 
tion basin, and thence, guided by 
baffles to obtain a full detention 
period of six hours, will rise to the 
influent end of the gravity filter beds, 
located in the upper section of the 
coagulation tank structure. The fil- 
ter and mixing basins will be en- 
closed in a greenhouse type of glass 
cover to provide light and suitable 
working conditions for the operators 
and equipment. 




















INFLUENT’ 


The Operating Tower 


The tower located at the front of 
the plant is five stories in height, the 
wash water tank being placed in the 
top section of the structure. The 
structural stee! framework for sup- 
porting the tank also serves as the 
framework for the operating tower 
itself. The plant is to be equipped 
with a small elevator for freight and 
passenger service and heat will be 
supplied by natural gas-fired unit 
heaters. 

The first floor will serve for an 
entrance lobby and will provide space 
for the various meters. On the sec- 
ond floor will be located the chlorina- 
tor room and laboratory and minor 
items of equipment. 

The third floor will constitute the 
valve gallery for controlling the vari- 
lines to the filters and other | 
points. The fourth floor will be the | 
filter operating floor, on which will | 
be located the hydraulic valve oper- 
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ating tables and indicating and re- 
cording gages and equipment. From 
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this gallery a door leads to the glass 
enclosure over the filters and mixing 
basins. The fifth floor wil! serve as 
a chemical feed floor, on which will 
be located the various feeders and chemical 
space and also the elevator control equipment. 

























storage 


Due to the relatively small capacity of that portion 
of the coagulating basin represented by the permissible 
water level variations at the top of the tank, and the 
difficulty of supplying water to the basin from the 
gravity supply without waste from overflowing, a com- 
pensating float control has been developed to operate in 
conjunction with the filter rate controllers in such a 
way that the filtering rate will be regulated to the rate 
of supply of raw water, which rate of supply will be 
adjusted to a point within the normal capacity of the 
filters. In other words, the rate controllers which are 
set for a given maximum will be compensated by the 
water level in the coagulating basin to reduce the rate 
of flow by the lowering of the water level in the co- 
agulating basin in such a way that the filtering rate will 
be within the rate at which water is supplied to the basin 
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The Lexington Plant Plan. Showing Location of Filters and Filter Operating Gallery 


on 4th Floor 

without the waste of water through the overflow con- 
nection. With this arrangement, the water level in the 
basin, as well! as in the filter tanks, is maintained at a 
uniform elevation without waste of raw water from the 
mountain supply, which it is desired to conserve to the 
fullest possible extent. This arrangement will also con- 
serve the emergency water supply without excessive 
pumping. 

The tower structure will be built of light buff colored 
brick and the remainder of the plant will be of con- 
crete and steel, all of which have been given suitable but 
simple architectural treatment to present as pleasing ap- 
pearance as possible within the limited appropriation 
available for the purpose. 

The plant will have a complete laboratory and will 
serve as a practical operating plant for the sanitary 
engineering class of the Virginia Military Institute. 
which in itself justified the installation of a plant of 
the most efficient design. 

















Diesel Power for Pumping 


Owing to the fact that the auxiliary supply pumping 

station at the river will be used for a very small pro- 
portion of the time, and its power requirements being 
rather large, involving heavy standby charges, it was 
decided to use pumps of the Diesel engine-driven type 
at considerably increased first cost. This pumping 
equipment is to be housed in a neat brick building, lo- 
cated on elevated ground near the bank of the stream 
with a 6 ft. by 8 ft. intake well extending down below 
the low water level and supplied through an 18 in. cast 
iron intake pipe with suitable screens. A low concrete 
dam (barrier) will be placed across the width of the 
stream to lead the water to a self-cleaning sluice-way 
or intake passage near the pumping station, where a 
sufficient depth of water can be provided for the intake 
line during the lowest water periods. The distance from 
the pumping station to the filter-plant is approximately 
7,000 feet, while the elevation from the stream level to 
the top of the coagulating basin is approximately 318 
feet. : 
The water works system is under the management of 
Mr. H. B. Rice, Superintendent of Public Works. 
Wiley & Wilson, of Lynchburg and Richmond, Va., are 
the Consulting Engineers. 
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ACTIVATED ALUM LAUNCHES 
TRAVELING LABORATORY 


A development of interest in the field of water purifi- 
cation is the announcement, from F. E. Stuart, of the 
“launching” of a traveling water works laboratory by 
the Activated Alum Corp. of New York, which has 
recently placed Mr. Stuart at the head of its Develop- 
ment Department. 

This interesting unit consists of a 19 foot Curtiss 
Aero-Car which contains the latest type of equipment 
available for the study of treatment methods and operat- 
ing efficiencies at water and waste treatment plants. 
The results of studies made in the field will become 
available to all water works superintendents, chemists, 
and engineers interested in coagulation control and taste 
and odor improvement. From studies of actal conditions 
in the field with the traveling laboratory should come a 
better understanding of coagulation and taste and odor 
control—using established and improved products. 

Besides containing the latest type equipment (some 
especially designed for research work) the unit will 





Activated Alum’s Traveling Laboratory. 
(Photo by Courtesy, West Palm Beach Water Co.) 
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carry all available types of coagulants and activated 
carbons for making comparisons. Amongst these will 
be Activated’s novel “BLACK ALUM” which is stand- 
ard filter alum into which has been incorporated pow- 
dered activated carbon. The importance of close coagu- 
lation control, utilizing the effectiveness of activated 
carbon absorption in the coagulation process, will be 
tested and demonstrated in an attempt to prove the 
economies resulting from good coagulation and improved 
coagulants. 

Amongst the interesting units of equipment in the 
floating laboratory is a new laboratory flocculating ma- 
chine, designed by C. F. Bingham of Richmond and 
built by Phipps & Bird, which has several distinctive 
features. (A picture and description appears elsewhere 
in this issue-—Ed.) Other apparatus for flocculation 
tests is a newly designed Air-Mixer—utilizing a small 
electric blower and porous diffusion plates, such as those 
used in activated sludge plants. This Air-Mixer is to 
be used in comparing mechanical mixing with air mixing 
—particularly in the treatment of trade wastes and do- 
mestic sewage. 

Included in the routine laboratory apparatus are sev- 
eral pieces of equipment especially valuable in field 
work, such as—the latest type Hellige Aqua Tester, 
and Hellige Turbidimeter, for determining the slightest 
traces of turbidity and color, and a rather complete set 
of Taylor Slide Comparators for pH, chlorine, iron, 


etc. For determining the extent to which “Free Alum” 
is left after treatment the useful Baldwin Residual 


Alumina Set, produced by Phipps and Bird, is to be 
employed. 

Aside from the equipment commercially available, 
some has been especially designed for this unit. The 
laboratory contains a complete taste and odor control 
section for the purpose of determining the effectiveness 
of coagulation on taste removal and the efficiency of 
various coagulants, chlorine, activated carbons. All of 
the odor detection equipment is of Pyrex glass which 
has proved superior in odor evaluation work. 

Additional features incorporated in the design of the 
Aero-Car mobile laboratory are the following: Alumi- 
num foil heat insulation; sound-proofing and insulating 
felt between outer and inner body; water supply at 70 
pounds pressure; porcelain sink; lavatory; complete 
galley; refrigerator; disappearing Pullman type berths ; 
6 and 110 volt electric system ; built in radio; typewriter 
desk, and a built in library, which will be kept up to date 
with the latest books and manufacturers’ pamphlets on 
water and sewage treatment. 
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Fifth Virginia Short School 
For Waterworks Men Held at Farmville 


The fifth of ten proposed zone schools for water works 
men was held at Farmville, Virginia, on May 7 and 8. 
Each of the schools is designed to cover problems pecu- 
liar to the zone in which the school is held. 

These schools are sponsored by the Virginia Section, 
A. W. W. A., with the co-operation of the State Depart- 
ment of Health, League of Virginia Municipalities, State 
Division of Trade and Industrial Education, Virginia 
Polytechnic Institute, Virginia Military Institute and the 
University of Virginia. 

The schools are planned and supervised by Major 
Richard Messer, Director Sanitary Engineering, Vir- 
ginia State Health Department. 
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LOS ANGELES 
WATER SUPPLY 


In Pictorial Review 


Lookout Mountain Tank 
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One of the Main Pumping Stations, A Los Angeles Chlorinating Station, 
North Hollywood Griffith Park 


Why Snow Means So Much to “The City of the Angels” 


Los Angeles secures the major portion of its water supply from the runoff of snow blanketed 
Sterra Nevada peaks. Deep snows mean full reservoirs and less pumping 


Water Works and Sewerage—May, 1936 








lait 


o3 RORY 


A Spectacular Piece of Pipe Lining—Not 
Without Its Problems 


A single pipe line serves both as inlet and outlet 
to Bouquet Canyon Reservoir, newest and second 
largest of the storage basins in the Los Angeles 
water works. The pipe line (Aluminum painted 
to minimize heat absorption) connects main Aque- 
duct line with reservoir at a point above the 
municipal power plants in San Francisquito Can- 
yon, 45 miles north of the city. Bouquet Reser- 
voir has a capacity of 36,500 acre feet. In the 
East that would be practically 12 billion gallons 





Los Angeles’ Water Palace 


The Bureau of Water Supply’s Exhibit at the 
San Diego Exposition in 1935 





ANGELES WATER SUPPLY 





A Chlorinating Station 


A combined pumping plant and chlorinating station at 

Hollywood Reservoir is one of the newest installations 

of this character in the Los Angeles municipal water 

system. Installed here are the new Residual Chlorina- 

tors which automatically make residuai chlorine tests 

and feed chlorine to maintain the desired residual and 
precision control 





The Famous Jawbone Siphon 


Jawbone Siphon is a unit in the 238 mile Aque- 

duct system that delivers water from High Sierra 

sources in Owens Valley to Los Angeles. The 

entire system is gravity flow, and the drop is util- 

ized at five points to generate electricity for the 
municipal electric utility 
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Los ANGELES WATER SUPPLY 


A Dam in a Famed Spot, Named for a Famous Water Engineer 


Mulholland Dam, showing new landscaping of earth-fill placed in front of the concrete structure that over- 
looks Hollywood, and provides closein storage facilities. This dam, a beautiful piece of construction, was 
later backed with the earth-fill in order to allay fears of America’s Movie Colony as to its safety 


H. A. Van Norman 
Chief Engineer and 
General Manager of ’ ne 
the Water Bureau, William W. Hurlbut 
was Assistant Chief ‘de : 
during construction of Engineer of Water 
the Aqueduct. (Pres- rfisiee’ ed on gee 
ident, California Sé- resident-elect o 
m Wel). A.W.W.A.) 


tion AW.W.A.) 
The Late William Mulholland 
He rose from a Ditch Tender to Chief 


Engineer and Builder of Los Angeles’ 
Aqueduct System 
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SHOWING 
tlie relative space required for dry 
ing sludge on sand filter beds ina 
city of 100,000 population, contrasted 
with that occupied by the Nichols 
Herreshoff Incinerator to assure 
complete disposal. The sludge bed 
area is approximately 100,000 sq. ft. 
and the incinerator area about 2,500 
sq. ft. .~. . . in the ratio of 40 to 1, 
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O better -evidenee shows the. com- 
pactness of a Nichols Herreshoff 
Sewage Sludge Incinerator ‘installation 
than the comparative illustrations here- 
with. They graphically visualize the 
economy of space made possible by this 
improved, scientific way to 
dispose of sewage sludge 


resulting residue jis a dry, odorless, 
virtually inorganic ash. Minimum 
labor. and maintenance. costs also 
assure maximum economy of operation. 
Engineers and public officials interested 
in solving municipal waste disposal problems 
by this economical, sanitary 


- method are invited to send for 


solids by burning. The | NicHoLs HERRESHOFF | | more complete details. 


INCINERATOR | 


| SEWAGE SLUDGE 
| 
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TEP prayer Non 2250, Fresno, California: Teun-Fincens,-Dire 
Works. One mile of 30-in. reinforced coucrete sewer pipe connects airport 
lo 48-in. concrete outfall built tit2917- 





Maximum cut on new project, 12 ft. \ 


FRESNO LOOKED AT PAST PERFORMANCE AND CHOSE 


Guerele. 0Fye 


FOR ITS NEWEST SEWER PROJECT 


RESNO’S 


early in 1936 calls for one mile of 


WPA project begun 


30-inch concrete pipe running from the 
airport to a 48-inch concrete pipe out- 
fall sewer built in 1917. 


Concrete pipe was selected because of 
the excellent service record of this older 
sewer, which was built with 5-inch 
walls and runs one-half to two-thirds 
full except under rare storm conditions, 
with 2% feet per second average veloci- 
ties. The old pipe.was found to be in per- 


fect condition after 19 years of service. 





Fresno has nearly 25 miles of concrete 
pipe sewers, all in-first class condition. 
Satisfactory sewer performancerequires 
good materials plus proper design; con- 
struction and operation. That means 
the use of concrete, and the supervision 
of an exper ienced sanitary engineer. 

His service is cheap Insurance -on ‘the 


success of these important: jobs>->~ 


Write for’ booklets “‘Monoltthic .Con- 
crete Sewers’’-and-“‘Concrete Pipe Sew- 
ers,” providing helpful data on the use 


of concrete insewers. Free upon request. 


PORTLAND CEMENT ASSOCIATION 


Dept. A5-29, 33 W. Grand Avenue, Chicago, III. 
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= fact that so many sewage treatment plants use 
Aloxite Brand Diffuser Mediums is significant. It 
means that Aloxite Brand Diffusers have proved their 
efficiency by performance. 

It means that skilled research and experienced engi- 


neering service have combined in the production and 


More Sewage Treatment 
Plants on this Continent 
are using ALOXITE BRAND 


DIFFUSER PLATES AND TUBES 
than any other Diffusers 


TS 


application of these products of superior quality and 


proved characteristics. 


Write our Sanitary and Filtration Department for in- 
formation on design, specifications and engineering ~ 
data on the application of these diffuser mediums in 


sewage and water plants. 


THE CARBORUNDUM COMPANY 


Niagara Falls, N. Y. 





Sales Offices and Warehouses in New York, Chicago, Boston, Philadelphia, Cleveland, Detroit, Cincinnati, Pittsburgh, Grand Rapids 


(Carborundum and Aloxite are registered trade-marks of The Carborundum Company) 
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SOME FEATURES OF NEW WATER 


sUPPLY PROJECT AT FORT SMITH, ARK. 


Twenty-1 hree Mile Main Involves Combination of Bitumastic-Lined Steel 


and Cement-Lined Cast-Iron Pipe. Filtration Involves 


Coagulation With Chlorinated Iron 


By W. R. HOLWAY, C.E.* 


NEW water supply for the 
A city of Forth Smith, Ar- 

kansas, a city of 35,000 
population, is now being com- 
pleted, consisting of an earth 
dam, filter plant, supply pipe 
line, and distribution main ex- 
tensions. 

The city’s present source of 
supply, the Poteau River, has in 
recent years become silt-laden 
and polluted with wastes from 
the coal mines. Also, at flood 
times the Arkansas River, into W. 
which the Poteau flows, backs up 
into the mouth of the latter stream so far that its high 
salt content contaminates the city’s water supply until 
it is practically unfit for use as a potable supply. The 
Poteau water at present is pumped to the low-level areas 
of the city and re-pumped to the high levels, and this 
new supply, which flows by gravity into the city’s pres- 
ent reservoirs, calls for none of this expense, a saving 
which will pay for the new system in thirty years. 


R. Holway 


Dam and Reservoir 


The location of the new storage reservoir, 650 acres 
in area with a storage capacity of 6,000,000 gallons, is 
twenty-three miles north of Fort Smith, in the Boston 
Range of the Ozark Mountains. The dam impounds 
the water of Clear Creek, which drains an area of 65 
square miles of mountainous, timbered country. The 
dam is 2,000 ft. long and 90 ft. high, and is composed 
of earth and rock fill, the downstream section being 
composed of semi-pervious material and the upstream 
section of impervious earth excavated from borrow pits 
in the reservoir basin and from the spillway. The total 
amount of embankment is 1,000,000 cubic yards. The 
upstream side is heavily rip-rapped with stone taken 
from the spillway section, large pieces of this stone are 
also used for the guard rail along the roadway on the 
top of the dam. The spillway is over the sandstone 
ledges at the west end of the dam, the spill falling over 
a curved concrete weir 420 feet long and following the 
curving channel of the spillway to meet the stream again 
1,500 feet below the dam. The inside slope of the 
channel is protected by large blocks of masonry con- 
creted together. This rock és also excavated from the 
spillway section. A new road and two concrete arch 
bridges will bring sightseers to the shores of the lake 
and up to national Highway 71 at the top of the moun- 
tain. This lake will be one of the beauty spots of the 
Ozarks. 


*Consulting Engineer, Tulsa, Okla. 





Filter Plant 


A mile below the dam is located the filter plant, a 
modern 6 M.G.D. rapid-sand plant with four filter units. 
A 30-kw. generator driven by a Fairbanks-Morse Diesel 
engine will supply power for operating the chemical 
elevator and emergency power for the plant. The water 
from the pipe line operates a hydraulic turbine which 
will supply all the power and lights for the plant and 
power for pumping the washwater. Lime and ferric 
chloride are the coagulating agents to be used, the latter 
being produced at the plant from chlorine and scrap 
iron. Ammonia and chlorine treatment will be used 
when necessary. Complete mechanical mixing is pro- 
vided with a mixing period of thirty minutes; the two 
settling basins provide a detention period of six hours 
each. The washwater tank is of reinforced concrete 
and is located on a hill back of the plant. The filtered 
water is stored in a million-gallon concrete covered 
reservoir of unusual design located a short distance 
beyond the settling basins. 


The filter plant building is built of stone excavated 
on the site, and the settling basins are also faced with 
this stone. This is in keeping with the location of this 
plant against a wooded hill. Because of the distance 
from the city and its location in the mountains, resi- 





The Initial Blast on One of 
the Nine River Crossings 
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New WATER SuppLy Project oF Fort SMITH, ARK. 
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Plan and Profile of the 23 Mile Pipe Line of the New Water Supply Project for Fort Smith, Ark. 
(Courtesy Eng. News-Record) 


dences for the operators were also built, these too out of 
native stone with red tile roofs, to match the filter plant 
building. ‘The result is an attractive and unusual plant in 
its appearance. The architect was John Duncan Forsyth 
of Tulsa, Oklahoma. 


The Pipe Line 


The pipe line on this project was divided into three 
sections. The city end of the line was specified to be 
cement-lined cast iron pipe to conform to the other dis- 
tribution lines of the city. Nine miles of the central 
portion of the supply line was specified to be welded 
steel either 27 inches in diameter with a lining of Bitu- 
mastic enamel; or, to be 30 inches in diameter with the 
ordinary dipped coating. The reason for the choice of 





2,500 Ft. Section of 27-In. Pipe Line Suspended Under Bridge of 
27-In. Pipe Ready to Be Lowered Into River Crossing, Fort Arkansas River. Forty-Foot Sections Joined with Dresser 
Smith Pipeline Couplings 
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New WATER SuppLy Project oF Fort SmitTH, ARK. 


27-In. Pipeline Showing Dresser Coupling Used in Combination 
with Welded Joints, Fort Smith, Ark. 


steel pipe only for this section of the pipe line was due 
to the fact that this nine miles of line was through very 
rugged mountainous country and included nine river 
crossings. This river has changed its course in the 
valley several times during the past few years and it 
was decided that it would be unsafe to use any pipe 
which had joints that might be disturbed should the 
river change its present course. The greater part of 
this section of the line operates under at least 200 
pounds to the square inch of pressure. For the re- 
mainder of the supply line (the third section) alternate 
bids were asked on the same type of steel pipe, as on 
the central section, and also on cement lined cast iron 
pipe, 27 inches in diameter. In addition bids were asked 
on reinforced concrete cylinder pipe of the same diam- 
eter. The specifications provided for such thicknesses 
of the various pipes that they were all considered equal. 


Clear Well Reservoir at Filter Plant, Fort Smith, Ark. 


153 


Contracts were awarded for steel pipe 27 inches in 
diameter with Bitumastic spun enamel on the two sec- 
tions of the supply line. The steel pipe was manufac- 
tured by the Taylor Forge and Pipe Company and the 
cast iron pipe was furnished by the American Cast Iron 
Pipe Company. 

Across the Arkansas River the pipe was made of 3%- 
inch plates and long-sleeve couplings were installed at 
the two ends of the lift span of the combined railroad 
and highway bridge under which the pipe line is sus- 
pended. At every forty feet of the bridge length Dresser 
couplings were placed so that the pipe line may expand 
and contract with the bridge. Dresser couplings were 
used throughout the line, as well as welded joints. 


Water Hammer and Surge Suppressors 


Six automatic control valves were installed in the 
line in order to reduce surge and water hammer to a 
minimum. These were installed by S. Morgan Smith 
Co. These valves float in the line and not only cut 
down the surge but are designed to automatically close 
in case of a major break in the line below any one of 
the valves. There are also 2-inch air vacuum valves 
at all important summits of the line and 8-inch blow-off 
at the important depressions. The pipe line is entirely 
buried in the ground, except for the Arkansas River 
crossing, the minimum cover being two and one-half 
feet. 


The complete cost of this project is $1,700,000. To 
finance it revenue bonds were issued by the city and a 
30 per cent grant was secured from the Federal Public 
Works Administration. 


The writer has served as engineer in charge of design 
and construction on this project. The resident engineer 
was W. T. Barry of Fort Smith. The dam was built 
by M. E. Gillioz of Monett, Missouri, as contractor and 
W. R. Grimshaw, of Tulsa, built the filter plant. The 
23-mile pipe line was laid by Williams Brothers, of 
Tulsa, and the cast iron mains, by B. & M. Construc- 
tion Corporation, of Oklahoma City, Oklahoma. Mr. 
C. S. Young was P.W.A. resident engineer. 
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"4" States Section A. W. W. A. Names 
Hechmer, Sec'y; Becker A. W. W. A. Director ° 


At the recent meeting of the 4 States Section of 
A. W. W. A., Chas. H. Becker, who has served as its 
Secretary-Treasurer for several years, was honored by 
being elected a member of the Board of Directors of 
the American Water Works Association, to represent 
the 4 States Section, the term of Seth M. Van Loan 
having expiréd. 


The worthy successor elected to the vacated office of 
Secretary-Treasurer is Carl A. Heckmer, Department 
Engineer, Washington Suburban Sanitary District, who 
has long been one of the “wheel horses” of the 4 States 
Section and active in A. W. W. A. affairs. 


To the office of Chairman of the Section was elected 
Ezra B. Whitman, prominent Consulting Engineer of 
Baltimore, Md., and his Vice is Harry M. Freeburn, 
District Engineer, Penna. State Department of Health, 
Philadelphia, Pa. 


Elected Trustees were: I. M. Glace, Cons. Engr., 
Harrisburg, Pa.; C. J. Lauter of Washington, D. C., 
and Leon A. Small, Baltimore’s Water Engineer. 
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Purdue 
Here 


Meets, Eats 


MEETS AT PURDUE 


yi 7 ITH the best attended meeting for the past sev- 

W era years, Indiana’s Section of the American 

Water Works Association held its 29th annual 
meeting on April 7th-9th at East Lafayette, Ind., within 
the halls of Purdue University. The official attendance 
was better than 200. 

The custom of the Section is to alternate between In- 
dianapolis and Purdue University in holding its meet- 
ings. And, no little reason for selecting the latter is 
the way in which W. A. Knapp, Assistant Dean of En- 
gineering, handles the meeting arrangements and pro- 
vides the program facilities and entertainment. The 
custom of holding sectional meetings and short schools 
at State Colleges and Universities is growing—and, 
justifiably so. The meeting at Purdue is further evi- 
dence of the merit of so doing. 


School for Superintendents 


The meeting opened with a so called “School for 
Water Superintendents” which was in reality an 
afternoon session in which short papers and talks of 
interest to superintendents were presented and informally 
discussed. 

The first “lecturer” was Pror. W. E. HowLanp 
(Purdue University), who demonstrated the perform- 
ance of a centrifugal pump and the general principles 
by which pump characteristics may be varied by chang- 
ing the clearances and shape of the impeller—An in- 
structive talk, simply illustrated. 





Indian- 
President-Elect 


B. A. 


apolis, 


Poole, 


Cecil K. 


Calvert, In- 
dianapolis, Retiring 
President 
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“Meter Construction and Operation” was discussed 


by F. A. ScHaerer, Supt. Public Service Company, 
of New Albany. He pointed out the necessity, in mod- 
ern usage of water, to test all meters on a 1-32 inch 
stream. To increase meter accuracy at minor flows he 
gave some useful pointers. 

“Meter Sizing” was dealt with by H. W. Niemeyer, 
Asst. Supt. of Distribution, Indianapolis Water Com- 
pany. He emphasized the fact that the use of over- 
sized meters was a common source of loss of revenue 
through failure to register that continuous waste which 
is likely to be less than the minimum which is required 
to operate the meter mechanism. Demand studies of 
single dwellings, using tank type toilets, had shown 
that 54 inch meters will give adequate service without 
excessive pressure loss. Demand studies of multiple 
family dwellings had shown that one 48 apartment 
building, using tank toilets, required a maximum flow 
of only 27.5 g.p.m. and a night flow of 2.6 gpm. A 
45-unit building with flush-valve toilets, had presented 
a maximum demand of 65 g.p.m. and a night flow of 
1.8 g.p.m. In these cases only 27.5 and 40.5 per cent, 
respectively, of the capacity of the meters installed 
was reached thus indicating the feasible use of smaller 
meters so that closer registration of the minor and 
average flows would be obtained. In addition, over- 
sized meters wre productive of further losses, through 
increased investment and maintenance costs. More at- 
tention to proper meter sizing, in accord with water flow 
demands, seemed justified by Mr. Niemeyer. Others 
had to agree. ‘ 


In stressing the importance of “Location Records 
for Mains and Meters,” by P. C. Gace, Supt. Water 
Works, Michigan City, stated that contrary to the prac- 
tice, which is too often the case, location records cov- 
ering water systems should not be kept in the head of 
the superintendent who may some day “lose his head, 
(politically speaking), or forget (humanly speaking). 
On taking over the operation of the Michigan City 
Water Works, he had found the only existing distribu- 
tion system records to be pencilled notations in note 
books. A few sketches, unsigned, undated, and with 
no dimensions, offered very little help. After two years 
(with the aid of C. W. A.) very complete distribution 
records had now been made and their value had been 

















Knapp, 


Prof. W. A. 


Purdue University, in John A, Bruhn, Indian- 


apolis, Secy.-Treas. 


Charge of  Arrange- 


ments 


thoroughly demonstrated during the past severe winter. 
Discussion disclosed that some water departments 
keep distribution records in the office in charge of some 
one who can give information to the crews on the job 
by telephone. Others maintain blue-printed maps in 
metal tubes on all emergency and repair trucks. A com- 
bination of the two has its merits over either alone. 


In discussing the “Value of Standards of Practice” 
L. F. Fincna, Cons. Engr., Indianapolis, pointed out 
that standard practice, when followed in operation, pre- 
vents such failures as running out of chlorine and other 
chemicals, leaving unrepaired any “out-of-order” equip- 
ment, and missing the recording of operating data. 

H. S. Morse, Manager, Indianapolis Water Co., com- 
mented that they kept a code-book which outlines pro- 
cedure in all kinds of situations, even to specifying the 
kind and color of paint to be used in various places. 
The “code” could never be complete because of changes 
from time to time, as conditions warranted. However, 
it served as a valuable guide and a record of previous 
decisions. 

E. I. Kinney, Wallace and Tiernan Co., Indi- 
anapolis, outlined suggested practices in the “Prac- 
tical and Safe Handling of Chlorine” in the water 
plant. He emphasized the danger in locating chlorinat- 
ing equipment or chlorine below ground without ade- 
quate provision for gas removal. He warned operators 
to see that gas masks were of the right type and in 
good condition. Stated, in substance, that an ounce of 
precaution was worth a pound of regrets. 


Cold Weather Troubles 


Operators from thirty cities and towns of Indiana 
reported cold weather troubles at the round-table dis- 
cussion. Discussion from the floor included the relative 
merits of meter pit diameters and depths, the use of 
double lids as frost protection, the thawing of services 
with are welding machines. W.C. Maser, Chief En- 
gineer, Indianapolis Water Company, who led the dis- 
cussion, presented charts, one showing the relation be- 
tween cumulative freezing degree days and the cumula- 
tive number of frozen services in Indianapolis. There 
appeared to be a time lag of about three weeks between 
the onset of sub-zero temperature and service trouble. 
Concerning the value of snow as an insulating agent, 
one superintendent reported that one agency of his city 
urged the owners of property to allow the snow to re- 
main on side-walks as a frost protection to their water 
service, while another agency threatened prosecution 
if the snow was not removed. Was the snow removed ? 
Did the services freeze? Our reporter does not say. 


MEETING OF INDIANA SEcTION A, W. W. A. 


Officers and Awards 


Officers announced elected for the ensuing year are: 

President, B. A. Poole, State Dept. Health, Indi- 
anapolis. 

Vice-President, John Ford, Ford Meter Box Com- 
pany, Wabash. 

Sec’y-Teas., John Bruhn, Indianapolis Water Co., 
Indianapolis. 

A. W. W. A. Director, W. C. Mabee,* Chief En- 
gineer, Indianapolis Water Company. 

(*Appointed to complete the term of H. S. Morse, 
Mgr. Indianapolis Water Company, resigned. ) 

Having displayed the successful “gadgets,” entered in 
_ interesting “Gadget Contest,” awards were as fol- 
Ows: 

First Prize—($7.00) To, H. E. Venner, Public 
Service Co., New Albany, Ind., for his “wrench for 
operating packing gland nuts on main-line valves.” 


Second Prize—($3.00) To, Geo. T. Gilbert of In- 
dianapolis, for his “Special wrench for removing meter, 
piping and ells from meter-boxes.” 


Technical Sessions 


( President—C. K. Calvert, Presiding) 

The opening paper was a masterful contribution by 
Frank R. SHaw, San. Engr., U. S. Public Health 
Service, Chicago (Ill.), who discussed the possibilities 
of “Conserving Our National Water Resources.” 
He enumerated the acts of a man which had been re- 
sponsible for the floods, droughts and for our “open- 
sewers” where pure streams once existed. He outlined 
possible methods of at least a partial return to natural 
conditions and abundance of clean water for all. Mr. 
Shaw reviewed the Federal development looking toward 
a coordinated and planned effort of state and local 
authorities toward recovery from our seriously polluted 
water-ways. He quoted important parts of the recom- 
mendations of the Special Advisory Committee on Water 
Pollution, made to the National Resources Board, which 
wishes to avoid usurping authorities now held by state 
agencies. Mr. Shaw cited the marked progress made in 
advancing sewage treatment during the past 2 years and 
the work under way or completed in reducing indus- 
trial pollution. The valuable stream pollution work of 
the U. S. Public Health Service was briefly reviewed 
and Mr. Shaw concluded that the Federal Government 
could do most by supplying state assistance where de- 
sired. This, through promotional endeavors, investiga- 
tion, research, establishment of standards for water 
quality and effluents, and in supplying financial aid 
through grant or otherwise. The last might be expected 
to also stimulate industrial-waste treatment in a manner 
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dent of the Section); Harry E. Jordan, Chem. Engr., Indian- 

apolis Water Co. (Past Pres., A. W. W. A.; Diven Medalist, 

etc., etc.); W. C. Mabee, Chief Engr., Indianapolis Water Co. 
(A. W. W. A. Director, Rep. Indiana Sect.) 


similar to that secured through Federal grant agencies 
during the past two years in domestic sewage treatment. 

In discussion, B. A. Poole, Chief Engr., Indiana 
State Dept. of Health, felt that Federal assistance, as 
outlined by Mr. Shaw, should be very productive; and, 
whereas, Indiana had progressed somewhat, it could 
have gone further if most of the Indiana applications 
for Federal grants (or loans and grants) had been ap- 
proved, or reached on the list. 

Another number one “paper” was a highly instructive 
talk by Proressor F. M. Dawson, head of Hydraulic 
and Sanitary Engineering at the University of Wiscon- 
sin. He dealt with a topic of current concern to, and 
activity on the part of, many water works operators—that 
of “Cross Connections in Water Supply Systems.” 
More particularly did he discuss those difficult to dis- 
cover and eliminate, such as the multitudinous cross- 
connections with the sanitary plumbing within buildings. 
Professor Dawson’s enlightening discussion, supported 
by blackboard sketches, was based on seven years of 
experimental investigation within his department at the 
University of Wisconsin, the results of which have be- 
come available to a major extent in the revised Uni- 
versity of Wisconsin Engineering Bulletin—“Cross Con- 
nections in Plumbing and Water Supply Systems.” 
(We take this opportunity to recommend to every Water 
Company or Water Department head that he secure a 
copy of this authoritative and informative bulletin by 
requesting it from Professor Dawson or L. F. Warrick, 
State Sanitary Engineer, Madison, Wisc. The charge 
of 25 cents per copy is nominal and merely pays for 
the second printing, made necessary when the demand 
quickly exhausted the first printing. —Editor. ) 

Professor Dawson emphasized the dangers (little ap- 
preciated) from the possible back-syphonage of the con- 
tents of a variety of sanitary fixtures whenever inade- 
quate pressure and simultaneous heavy drafts on lower 
floors created a partial vacuum within the system above. 
Less potentially hazardous, but more seriously so, was 
the sucking of contamination into the mains during 
heavy fire draughts, emptying mains for repairs or as 
the result of breaks. He felt that the water-works man- 
agement had more than passing interest in seeing that 
the purified water served by it should not be contam- 
inated beyond the curb-cock by faulty plumbing arrange- 
ments. If not directly attainable, then through efforts 
in cooperation with local health and plumbing inspection 
agencies the water-works authorities could do much to 
secure correction of such conditions and prevention of 
faulty installations in the future. As an outgrowth of 
the Wisconsin studies, syphon-proof fixtures could now 
be obtained from the leading manufacturers. 

The interest in Professor Dawson’s clear cut pres- 
entation was evidenced by the need for adjournment 
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for sustenance and continuation of discussion and ques- 
tions in the following session.. Fort Wayne, reporting 
through Mr. Ralph Hoot, was justly proud of its ac. 
complishments in having secured a 100 per cent effective 
severance of industrial cross connections and was com- 
plimented by the State Department of Health, through 
B. A. Poole, Chief Engineer, as having set up a mark 
in this direction for large cities, where the difficulties 
of correction are far greater than in smaller ones. 

In this connection attention was directed to an article 
in WATER WoRKs AND SEWERAGE for April, by Stephen 
A. Taylor, Superintendent of Water at New Bedford, 
Mass. It is the first published account of “Regulation 
of Water Piping Within Buildings” by the local water 
works authority. The article presents the covering or- 
dinance and method of procedure. (Copies may be 
had upon request.—Kditor. ) 


“Politics, Water Supply and Public Health,” was 
forcefully discussed by Harry E. Jorpan, Sanitary 
Engineer, Indianapolis Water Company and Past Pres- 
ident of A. W. W. A. He revealed that political turn- 
over affected to some extent, if not seriously so, 4 out 
of every 5 small town municipal water works. In larger 
cities such was not so prevalent, but should not exist 
at all. The failure of purification processes (frequently 
causing epidemics) could be laid at the door of the 
political spoils system in numerous cases on record. Be- 
tween safe and dangerous operation of water works 
the State Sanitary Engineering Division was _ usually 
the single agency available to safeguard the public in 
the water supply field. Administrators in state govern- 
ment, said Mr. Jordan, would do well to recognize this 
fact more adequately, and he was strong in his praise 
of the good done by men of outstanding personality 
holding positions as State Sanitary Engineers. such 
men, he commented, were worth whatever it might take 
to secure their services because bearing, brains and 
personality secured recognition of the true value of the 
agency. He recommended the following considerations 
to administrative heads, as a betterment highly desir- 
able. 

(a) That the staffs of Engineering Divisions of 
State Health Departments be increased to a more ade- 
quate extent. 

(b) That the compensation set be increased to at- 
tract the highest type individuals to these positions. 


(c) That Municipal Health Departments increase 
their activities in bettering water supply and particularly 
looking toward elimination of plumbing cross-connection 
hazards. 

(d) That efforts be put forth to secure a better un- 
derstanding of the public as to the responsibilities of 





Walter B. Jenkins, Supt., Water, Oakland City, Ind. (Protects 

tanks with crude oil); Chas. Brossman, Cons. Engr., Indian- 

apolis (Knows the value of elevated storage) ; Chas. S. Cham- 

berlain, Supt., Water, Rensselaer, Ind. (Cashes his water bills 
at banks—customers agree) 




















H. G. Coughlen, Asst. Supt., Pumping, Ind. Water Co.; Paul 
C. Loux, Supt., Purification, Anderson, Ind.; Homer Rupard, 
Prin, Asst. Engr., Ind. Water Co. 


the water utility, the follies of political interference, and 
the need for dependable experienced operators. 

(To every State Governor, Budget Director and Ad- 
ministrator of Public Health should go a copy of Mr. 
Jordan’s meaningful paper as soon as reprints may be- 
come available. It may do some good. Coming from 
one connected with a Water Company—persecuted by 
regulatory agencies at times—it carries peculiar and 
added weight.—Editor. ) 

“The Value of Elevated Water Storage” was well 
presented by CHARLES BrossMAN, Consulting Engineer 
of Indianapolis. He cited case records, drawn from 
representative installations, to show the advantages ac- 
cruing from effectively located elevated tanks. Prin- 
cipally (well known to most water works engineers) 
these were: advantage of steady-load pumping; sus- 
tained and uniform pressures at services; adequacy of 
fire flows and pressures; reduced insurance rates; less 
sleepless hours for the water works operator; the use 
of maximum pump output at maximum economy; the 
savings from smaller sized pump-motor units acceptable 
in routine operation; the reduced stand-by electric 
charge; the ability to use larger units and shorter hours 
of pumping during the off-peak hours (with more eco- 
nomical current rate) usually at night; reduced invest- 
ment in, or dependability on, duplicate and high capacity 
stand-by plant equipment. It was not uncommon, Mr. 
Brossman said, to effect through elevated storage facilities 
a cut of 50 per cent in electric pumping costs. The eco- 
nomics of elevated storage had proved itself. Witness 
the ease with which P. W. A. loans for such better- 
ments had been secured on the basis of certain return 
on the investment and the rapid amortization possible. 

Cuas. S. CHAMBERLIN, Manager of Municipal Util- 
ities, Rensselaer, Ind., with past water company expe- 
rience, vouched for all that Mr. Brossman had said. 
Higher and more uniform pressures, he added, pro- 
duced higher water collections due to increased flows 
through the services—but, with it, more satisfied cus- 
tomers as well. 

W. B. Jenxrns, Superintendent, Oakland City, Ind., 
told of a method of protecting the interior of a new 
tank which involved an oil coating rather than a paint 
job. Crude oil placed in the dry tank was floated up as 
the water was admitted slowly. At the edges, the oil 
film .eemed to be rolled onto the metal. Lowering and 
raising the water level, with the oil blanket present, pro- 
duced the desired coating. _He did not know how long 
it would last but it had not created any complaints of 
taste as might be thought. The scheme had been recom- 
mended by the tank builders. (Possibly a special oil 
had been used but Mr. Jenkins thought it ordinary crude 
oil—Editor. ) 

“Methods of Producing Efficiency in Pumping 
Station Operation” were reviewed by H. G. CouGHLEN, 
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Asst. Superintendent, Pumping Stations, Indianapolis 
Water Company, who stressed the proven value of keep- 
ing adequate daily logs at pumping stations. To do so 
required the use of certain indispensable instruments, 
preferably with recording mechanism. Some means of 
metering the station output accurately was, of course, 
essential—Venturi type meters being preferable, even 
when reciprocating pumps were utilized. Pressure 
gages, preferably recording, were another essential on 
boilers and pump discharge. A CO, meter on each 
boiler and accurate check on weight of fuel burned 
were others. Meter records of the water evaporated 
(boiler input) completed the essentials in steam plants. 
In his experience obsolescent equipment was the weight 
on the neck of “drowning” pumping stations when 
reckoning from an economy and efficiency point of view. 
Investments for modern efficient equipment and recording 
instruments could be proven an economy move within a 
short operating period. In other words, Mr. Coughlen 
stressed the folly of being “penny wise” when it came 
to operating and maintaining such costly units.as power 
and pumping elements in the water supply business. 
The next most important phase of efficiency and 
economy production was “good-housekeeping” (up- 
keep) and the caliber of operating personnel. Shooting 
at marks set for “shift-performance” had proved ideal 
in large stations as a means of competition, which is al- 
ways interesting if done properly. 

“Publicizing the Utility” was the subject of a run- 
ning talk by a public-relations expert of no mean abil- 
ity—Mitter Hamitton, Director of Publicity, Indi- 
anapolis Water Company. He presented some of the 
high-lights in securing water-works publicity, but 
warned that the first per-requisite was a good product. 
When the water was of high quality in all respects, then 
it became a salable product—not before. The next was 
the desire of the chief executive for publicity. Then 
came the training of the utility personnel—who had to 
make contacts with the public—the latter being a real 
foundation stone in public relations work Dealing 
with the public was, in essence, a fine art. 

Having prepared the basic foundations—the “pretty 
is as pretty does” side of the picture—it was then 
(and only then) time to seek publicity and start to 
build up the “good will” structure on the foundations 
laid. Using the local press was then an open door, 
if the editors were taken into the confidence of the 
utility. Show the editor the makings of a good story, 
Mr. Hamilton said—but, have real ones in the begin- 
ning—and your effort brings results. The editor should 
be given advance notice when to expect a new story 
and he will be prepared to use it in the Sunday edi- 
tions, or others most widely read. 

Now concerning leaflets and pamphlets. Free lit- 
erature was at a disadvantage always and unless the 
production had eye-appeal and a cover which creates 








W.H. Durban, Supt., Water Co., Terre Haute, Ind.; P. C. Gale, 
Supt., Water Wks., Michigan City, Ind.; Miller Hamilton, 
Publicity Dir., Indianapolis Water Co. 
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Snapped on Purdue's Campus 
(1) Hayes Kuhns, “Leadite” Co.; (2) W. A. Welch, “Nuchar’” ; 


(3) J. F. Bradley, Ch. Engr., Valparaiso; (4) B. H. Jeup, San, 


Engr., State Dept. Health; (5) H. J. Draves, Michigan City Water Wks.; (6) Bill Birch, “Himself,” Chicago; (7) Lew Bird- 
sall, Gen. Chemical, “Alumite,” came down to see his Purdue Sophomore Son and likewise do a little conventioning 


curiosity as to what’s inside—it’s just so much waste 
basket material. An example—“‘What John Told Mary” 
--a cover caption used by Indianapolis Water Company 
made the curious housewife read a well told dialogue, 
incidentally learning much of the technical side of water 
purification and distribution problems in two syllable 
words. Well—‘‘Mary told John” about it that night— 
and so the information spreads. 

Then, to demonstrate what can be accomplished with 
the spoken word and eye appeal, Mr. Hamilton stepped 
from the technical to the non-technical side of the plat- 
form and while running off a superb moving picture 
of several reels of the new color film, he gave a simpli- 
fied lecture on the “Why and How” of the water supply 
storage in general ; and, concluded with a specific descrip- 
tion of the Indianapolis system and its importance and 
usefulness to the community. The spotless laboratories at 
Indianapolis certainly click with the critical public. 
(Indianapolis Water Company has put across the finest 
piece of water-works publicity ever attempted in Amer- 
ica.—And, we may add, the most costly. But, in Indi- 
anapolis, they say that it pays. Of the municipally op- 
erated systems Los Angeles is doing the most effective 
job in this direction. More power to both.—KEditor.) 

“Collections With Minimum Friction” was the sub- 
ject of a progress report of a Committee, organized by 
F. C. Jordan, studying the matter of improving water 
rent collections and reducing friction with the customer. 
C. W. Goris, of the State Public Service Commission, 
presented the report which recommended, amongst other 
things, a system of guaranty of payment from non- 
property owners rather than the customer deposit sys- 
tem. Endorsement by a property owner for non-owner 
was usually sufficient protection. Firm but fair col- 
lection efforts (expected by the customer) should be 
enforced uniformity to all classes of takers as the one 
essential to success in keeping deficits from accumu- 
lating and thereby constantly harder for the customer 








A Case of lke and Mike 

Brothers? No; not even kinfolk. (Left) Ed. F. Kinney, Wai- 

lace & Tiernan Co., Indianapolis. (Right) Tom J. Burrii:, 

Supt., Water and Sewage, Lebanon, Ind. (If both were laugh- 
ing, you'd take ’em for twins.) 
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to pay. The report “O.K.’d” demands for deposits 
and commercial takers. It recommended that, before a 
shut-off order for non-payment is issued, each account 
should be reviewed by a responsible water utility official 
fer approval or further investigation. Routine shut-off 
orders were condemned as bad practice, always creating 
ill-will and sometimes injustice. The value of high 
type of personnel making contacts with the public was 
also stressed as a means of improving collections. 

Chas. §S. Chamberlin, General Superintendent, 
Water and Light, Rensselaer, Ind., reported that they 
required no customer deposits; had little friction. An 
interesting and economical collection method was re- 
ported by Mr.’ Chamberlin. Listen carefully! The 
scheme involves a signed agreement between willing 
customers and the utility. It authorizes the Water and 
Light Department (through the City Treasurer) take 
over the bill to the customers’ bank and there collect 
the amount due. The bank handles the bill as an au- 
thorized check. The bill is drawn on pink paper of 
check size. It has the “Pay to” order printed and the 
signed authorization serves in place of the customer’s 
signature. The bank pays the Treasurer, and the bill 
passes through and back to the customer along with 
his other checks. Entering the amount on his check 
book stub completes the transaction. The water depart- 
ment nor the customer has spent any postage. The 
customer has been saved a trip to the Water Office or 
the drawing and mailing of his check, or the embarrass- 
ment of forgetting to pay with the consequent loss of 
the 10 per cent discount allowed for prompt payment. 
Mr. Chamberlin says that the scheme really works in 
Rensselaer. 


With Apologies! 


Space does not allow more than a listing of the papers 
presented in “F.F.F.”* Jordan’s Symposium on Fire 
Protection—to wit: “Better Fire Protection for Smaller 
Communities’—Clarence Goldsmith, Assistant Chief 
Engr., Natl. Board Fire Underwriters, Chicago. “Cut- 
ting Fire Losses Through Systematic Inspections,” R. 
E. Vernor, Mgr. Fire Prevention Dept., Western Agri- 
cultural Bureau, Chicago. “Valve Inspection and Main- 
tenance’—A. J. Meyer, Indiana Inspection Bureau, In- 
dianapolis. ‘Training for Efficient Fire Service’— 
Clem Smith, Chief State Fire Marshal, Indianapolis. 

Other papers read: “My Job at the Contract Win- 
dow”—Nellie Coleman, Water Works, Richmond, Ind. 
“Courtesy and Appreciation”—A. C. Shea, Indiana Bell 
Telephone Co., Indianapolis. 

The meeting closed with an interesting demonstration 
of Television by Professors C. F. Harding and R. H. 
George of Purdue’s Electrical Engineering Department. 








*“Wire Fighting Frank’ explained President Calvert, is what 
those who Know him say that he is.—Ed. 

















CAPACITY OF CAST IRON MAIN 


SUSTAINED BY CHLORAMINE TREATMENT 


By J. WALTER ACKERMAN* 


Utica, N. 3 


HE Consolidated Water 
Company of Utica, N. Y., 


constructed in 1906 a single 
24-inch cast iron water main for 
transmission purposes to bring 
water from the West Canada 
Creek at Hinckley, N. Y., to 
Marcy Summit, a distance of 
12.1 miles, for the purpose of 
supplying the city of Utica with 
water from this source in addi- 


tion to that already supplied 
from the southern group of res- 
ervoirs. This supplied sufficient Jt -W. Achereiin 


water for use in the city until 

1922 when the use had increased and the delivery of this 
line had diminished to a point where it was only deliver- 
ing about 8.5 M.G.D. 

Records in the office indicate that in 1917 this line was 
examined by Metcalf & Eddy, Engineers, and the value 
of “C” in the Hazen-Williams formula was found to be 
109. On July 5, 1921, “C” had dropped to 95, and on 
November of the same year it had dropped further to 
93.5. It later became necessary to clean this line and 
the National Water Main Cleaning Company was en- 
gaged for this purpose and cleaned it on October 5, 1922. 

Table A shows the number of times the main has been 
cleaned since that date and the various “C” values before 
and after cleaning. 


TABLE A 
Months 
Since 
Date Previous Reservoir — Delivery — — 
Cleaned Cleaning Elevation Before After Before After 


1199.9 Oct.,’22 Oct.,’22 Jun.,’22 Oct. 8,'22 

Oct. 5, 1922 1199.9 8.5 12.3 90 31 
1192.3 Mar.,’24 May,’22 

Apr. 1, 1924 18 1226.1 10.3 13.2 109 136 
1211.8 |Aug.,’25 Oct.,’25 

Aug. 27, 1925 17 1220.4 10.5 13.9 106 142 
1222.7 Apr.,’27 June,’27 

May 4, 1927 20 1Z23:).. Wl 14.2 103 144 
1223.7 July,’29 Sept.,’29 

Aug. 6, 1929 27 1215.6 10.0 13.8 102 142 
1193.3 Nov.,’30 Mar.,’31 Nov.,’30 Sept.,’31 

Jan. 3.1931 17 1249.7. 10.2 14.6 109 133 
1223.6 May,’33 July,’33 Apr.,’33 July,’33 

June 16, 1933 29 1273.8 10.3 14.0 106 136 
1276.4 Apr.2,’34 Apr. 12,'34 

Apr. 8, 1934 10 1226.1 11.9 13.7 111 144 


Until December, 1933, this 24-inch line had carried 
nothing but untreated water, chlorination being carried 
out at the local distributing reservoirs. In December, 
1933, chlorine-ammonia treatment of the water was 
started at Hinckley and the “C” value at the time the 
treatment began was 105. «In April, 1934, just prior to 
the last cleaning, a measurement of “C” showed a value 
of 111, an apparent improvement of about 6 p.c. in car- 
tying capacity after the four months of treatment by 
chloramines, without cleaning. 


« et Engr. and Gen’l Supt., Consolidated Water Co., Utica, 


a’. 





The last cleaning of this line was done as noted on 
April 8, 1934, and the “C” value was raised from 111 
to 144. No mechanical cleaning has been done since that 
date, but the line has been continuously treated with 
chloramines to the present time. On April 16, 1936, the 
last determination of the “C” value was 138. 

The graph accompanying this article shows the varia- 
tions in the level of the water in the Hinckley Reservoir, 
which varies the head on this pipe line and consequently 
varies the flow due to this change in head. It shows the 
monthly average flow in each month from 1922 to date, 
also the chlorine application and the resultant “C” value 
before and since the application of the ammonia-chlorine 
treatment. The results seemingly speak for themselves. 


Method of Checking "C" Value 


Just a word as to the method of checking this “C” 
value. Careful and rechecked determinations of refer- 
ence level points at each end of the 12.1 miles of pipe 
have been made. Consequently, physical observations of 
the water level in the standpipe at one end of the line 
and the water level at Hinckley Dam at the other end 
gives the actual slope. The amount of flow is deter- 
mined by a venturi meter, but at no time has the value 


-of the amount of flow been accepted except after being 


checked by mamometer or pitot tube, and in fact, a num- 
ber of these determinations are made either by the 
manometer on the venturi tube or the pitot tube near 
this same place. Therefore, there are some slight varia- 
tions in the determining of the “C” value of the period 
from April, 1934, to the present time. While there ap- 
pears to be somewhat of a downward trend, it is so small 
as to be almost negligible, as of course the different 
methods of computing the flow varies about 2 to 3 per 
cent, according to the method used for this determina- 
tion, which is as close as can be expected for equipment 
of this nature. 

The Marcy standpipe, which is at the lower end of the 





The results from the ammonia-chlorine treat- 
ment in suppressing tuberculation of the 12 mile 
cast-iron supply main at Utica, N. Y., consti- 
tutes a new chapter in corrosion control and de- 
preciating capacity values of water mains. 

When Mr. Ackerman first reported his obser- 
vations informally before the American Water 
Works Association in 1934, he considered the 
findings both interesting and indicative rather 
than conclusive. Amongst his audience there 
were many skeptics. A year later sufficient sup- 
porting data had been accumulated by him to 
warrant a further informal report before the 
same association. Now, still a year later, the re- 
sults are more than ever convincing. It was 
with this in mind that WATER WORKS AND 
SEWERAGE asked Mr. Ackerman to present 
to its readers his data-graphs and the accom- 
panying report of the continuing effectiveness 
of the treatment which maintains sterile condi- 
tions throughout the 12 mile main.—Editor. 
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12.1 miles of 24-inch pipe in question, is 2.3 miles from 
Marcy Reservoir where the actual chlorine residual is 
taken, as the Marcy standpipe is in a more or less in- 
accessible location a part of the year. The residual ob- 
tained and shown on the chart is less therefore than the 
actual residual at the end of the 12.1 miles of 24-inch 
pipe, as the chlorine demand in the 2.3 miles to Marcy 
Reservoir is considerable in this uncleaned and badly 
tuberculated section of pipe, which we believe is grad- 
ually being cleaned by the action of the chloramines. 
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Those Who Will Be on the 
"Water-Works Special" 


Leaving New York May 29th for Los Angeles 
(Complete up to May 12th) 

*Frank A. Barbour (Pres.), Boston, Mass. 
Fred B. Nelson, New York City 
*Clinton Inglee, New York City 
*Sheppard T. Powell, Baltimore, Md. 
*Wm. C. Sherwood, Boston, Mass. 
Marian Chattery, New York City 

*A. R. Murphee, St. Louis, Mo. 

Wm. J. Orchard, Newark, N. J. 

Sally and Jane Orchard, Newark, N. J. 
Jane R. Hoimark, Newark, N. J. 
Willard T. Chevalier, New York City 
Karl M. Mann, New York City 

Joseph Harper, New York City 

Pat. E. Kelly, Arlington, Mass. 

Wm. R. Conard, Burlington, N. J. 
John W. Kay, Milford, Mass. 
*W. C. Kirchoffer, Madison, Wis. 
*Earle Talbot, Englewood, N. J. 

John L. Ford (and Mother), Wabash, Ind. 
Guy Northrop, New York City 

Louis D. Blum, New York City 

Alan D. Drake, Buffalo, N. Y. 
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*Frank E. Hale, Brooklyn, N. Y. 

Mrs. Paul R. Staples, Brooklyn, N. Y. 
*W. W. Brush, New York City 

*Geo. W. Randall, Brooklyn, N. Y. 
*Charles W. Mowry, Boston, Mass. 
*George G. Schaut & Son, Philadelphia, Pa. 
*George Schaut, Sr., Philadelphia, Pa. 
*Abel Reynolds, Providence, R. I. 

*A. V. Graf, St. Louis, Mo. 

*Geo. H. Felix, Katherine Felix, Reading, Pa. 
Mrs. H. Otto Lowe, Reading, Pa. 

*Lewis V. Carpenter, New York City 
*Charles Holbrook, New York City 

*G. E. Boyd, New York City 

Scotland G. Highland, Clarksburg, W. Va. 
Charles F. Jost, New York City 

L. A. Dickson, Pittsburgh, Pa. 

James Kennon, Pittsburgh, Pa. 

A. E. Hintz, Oshkosh, Wis. 

W. R. LaDue, Columbus, Ohio 

*Ed. Johnson, Pittsburgh, Pa. 

*Percy S. Wilson, New York City 
*J. E. Jagger, Birmingham, Ala. 

*John S. Warde, New York City 

Linn H. Enslow, New York City 


*Those who are to be accompanied by their wives. 





SEWAGE DisposAL PLANT OPERATIONS AT MILWAU- 
KEE.—The entire cost of operation and maintenance of 
the disposal plant and intercepting and main system of 
Milwaukee, Wis., for 1935 was $960,000, with a credit 
of $300,000 from the sale of waste sludge, which is sold 
under the trade name of Milorgranite, leaving a net 
annual operating cost of $660,000, or about 90c per 


During the year the disposal plant treated an average 
og 85.61 million gallons of sewage per day; removed 
97.4 per cent of the bacteria, and 91.5 per cent of the 
suspended solids. 

















(1) Lifting Garbage to the 
Grinder Charging Platform 





THE EFFECT OF GROUND GARBAGE ON 
SEWAGE TREATMENT PLANT OPERATION 
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given preliminary treatment by a combination of 

fine rotary screens and short time sedimentation. 
These sedimentation (detritus) tanks are called rapid- 
settlers. The entire sewage flow passes through screen 
channels in each of which three 6 by 8 ft. screens and 
1-16 by 2 inch slots, rotate. About two-thirds of the 
average daily flow passes through the screens and the 
other one-third, which is the concentrate carrying the 
solids rejected by the screens, flows from the screen 
channel through the rapid settlers where the detention 
period is about twenty minutes. The rapid settler ef- 
fluent joins the screened sewage and the two constitute 
the clarified sewage which goes to the activated sludge 
plant for final treatment. 

The activated sludge plant is of the spiral flow type. 
It is too small to treat all of the sewage in the conven- 
tional fashion. In order to relieve the river of its or- 
ganic load, plain aeration treatment is given to all of the 
sewage. In practice, such treatment removes more of 


(1) Supt., 
anapolis, Ind. 

(2) Mgr. Sanitary Division, The Jeffrey Mfg. 
Ohio. 


A T Indianapolis, sewage from combined sewers is 


Sewage Treatment and Garbage Disposal, Indi- 


Co., Columbus, 





(2) Feeding the Grinder 





the biochemical oxygen demand than can be removed 
by treating only a part-of the flow by the activated 
sludge process. Most of the time, however, one com- 
plete unit is used as an activated sludge plant for pur- 
poses of study. Waste sludge from the rapid settlers 
and from the activated sludge plant is pumped to open 
lagoons. After a lagoon is filled it is taken out of 
service until the sludge is sufficiently digested. Later 
the sludge is dug out of the lagoon with a clamshell 
and loaded directly into farmers’ trucks. 

The Indianapolis garbage plant is of the by-product 
reduction type in which the garbage is cooked and dried. 
The grease is then extracted with a solvent and the resi- 
due sold for fertilizer and feed. The liquor drained 
from the cookers contains a large amount of organic 
matter and it was believed that it would interfere with 
sewage disposal processes. However, a few years ago, 
laboratory experiments indicated that it did not disturb 
digestion of sludge and since that time it has been added 
to the sludge for disposal. The water used to condense 
the vapors driven off in drying the cooked garbage con- 
tains considerable volatile organic matter and this, added 
to the B. O. D. of the cooker water results in a total of 
about 70 Ibs of B. O. D. per ton of green garbage 
processed. It was learned also, through laboratory 
studies, that well ground garbage added to the raw 
sewage, at the rate of 2 tons per M. G. seemed to aid 
in the sedimentation of sewage solids and increased the 
B. O. D. of the settled sewage only a nominal amount. 
Increasing the rate of garbage to 5 tons per M. G., 
however, produced less attractive results. 


A Full Scale Garbage Grinding Experiment 


After eight years of service, the walls of the steam 
digesters at the garbage reduction plant were so reduced 
in thickness by corrosion that an explosion occurred, 
May 1, 1935. On account of the hazard involved, the 
Board decided not to operate the remaining units. On 
the basis of the laboratory experiments referred to 
above, it was decided to attempt to dispose of the gar- 
bage by grinding and adding it to the sewage. A grind- 
ing station was in operation two weeks after the acci- 
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dent which put the garbage reduction plant out of 
service. 

The grinding station was located at the grit cham- 
bers through which the greater part of the sewage 
passes. A temporary receiving pit of 40 tons capacity 
was dug and lined with wood. The grinder selected 
was a Jeffrey ten ton per hour hammer mill, belt driven 
by a 50 h.p. motor. On account of the haste necessary, 
the grinder used was not of the type developed by the 
Jeffrey Company for this use. A centrifugal pump 
supplied 50 g.p.m. of raw sewage to the grinder to facil- 
itate its operation and to carry the ground garbage into 
one channel of the grit chamber adjacent to it. A half- 
yard clamshell bucket was used to remove grit from the 
grit chamber channels, located so that it could lift gar- 
bage from the receiving pit to the charging platform 
Illustration 1). Three men fed the machine by pushing 
the garbage through a swinging door into the hopper 
over the grinder (Illustration 2). They also picked 
out tin cans, heavy bones and large pieces of metal, 
although this material was put through the machine 
for the first month of operation, after which it was 
picked out to conserve grit chamber storage space and 
protect the grinder, which was not equipped with a 
metal catcher. The picked material consisted of 3.1 
Ibs. of bones and 3.4 lbs. of metal per ton of green 
garbage. 

At the start of the operation, the bar openings, in 
the bottom of the grinder, through which the ground 
garbage passed, were 34 inch, and this spacing was 
continued until the garbage tonnage fell off in the fall 
making it possible to reduce the spacing to %, 3%, and 
eventually 4% inch. The finer grinding proved pref- 
erable because it reduced the amount of floating solids, 
improved the organic content of the grit and seems to 
promote rapid and more complete settling of solids in 
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Waste Disposal Plants of Indianapolis: Sewage Treatment Works and Power House in Center. 
Garbage Reduction Plant. Right Foreground, the Detritus Tanks and Revolving Screen House. Left Foreground, One of the Sludge 
Lagoons and Screenings Incinerator. (Photo by Aecro-Graphic Corp.) 








Beyond the Power House Is the 


clarification, evidence of which appears later in graphs 
and tables. 


Grit Composition 


Indianapolis sewage grit is normally not particularly 
free from organic matter. It usually contains about 30 
per cent volatiles at the influent end which may increase 
to 60 per cent at the effluent end of the chambers. The 
grit from garbage is difficult to evaluate. During the 
coarse grinding, it contained much organic matter and 
was offensive. It was removed once each week and 
covered on a dump. With fine grinding, the organic 
content was reduced as was also its offensiveness. A 
grit washer with suitable water velocity, produced a 
relatively inoffensive grit that could be disposed of as 
sewage grit usually is. Its ash content is lower than 
good sewage grit, the reason for which is shown in 
table 1, together with the general composition of the 
grit. This was determined by sorting a number of grit 
samples and weighing the various classifications. The 
figures do not include the hand picked bones and metal. 
Total grit (28 pc. water) from the green garbage was 
38.2 lbs. per ton. 

‘ TABLE 1. 
COMPOSITION OF DRY WASHED GARBAGE GRIT 


Per cent by Per cent of Original 


Weight as Constituent in ash 

Constituent Collected after ignition 
oe. a ee 6 20 to 40 
Ur" Bid SERIE ren eye mnt 4 Z2to 3 
PE SED os aw ateaih enna ees 4 Less than 1 
OE Re ee Gay 35 65 to 72 
BN oe swhn eh tne anid ; aa 53 to 55 
(pines end CUMGR. «6 65 ccccee 12 100 
Sand and Cinders............ 4 40 to 50 
ND ooh ec Alan nec eee 15 100 
gah ected han means 100 











(3) Garbage Sampler in Use 


It is easily seen that the ash from garbage grit is less 
than that from sewage grit and that the ash content 
cannot be used as a measure of its freedom from or- 
ganic matter that may cause odors. However, coffee 
grounds, nut shells, and bone may decompose under 
some conditions and garbage grit piles have heated in 
some cases. 

At Indianapolis, grit production from sewage amounts 
to 11,340 Ibs. per average day. At 31.7 lbs. of grit per 
ton of green garbage, it would constitute 23 p.c. of the 
sewage grit from the maximum year, 43 p.c. for the 
maximum week and 56 p.c. for the maximm day, based 
on an annual garbage production of 30,000 tons. 

As has been stated, the floating matter was a problem 
during coarse grinding. The fine grinding, however, 
reduced it to a negligible amount—so small, in fact, that 
it was not possible to estimate the extent when examin- 
ing the settling tank skimmings. 


Garbage Sampling 


An attempt was made to sample garbage by taking a 
shovel full from each truck load delivered to the receiv- 
ing pit. Using all possible care, such a sample obviously 
did not represent the entire load. The collection trucks 
are equipped with draining devices, from which liquor 
is removed during collection, to permit the hauling of 
larger loads without spillage. All trucks are drained 
just before weighing but, even so, the lower part of 
the load is wetter than the top. A sampling device was 
made (Illustration No. 3), which was supported on the 
sides of the pit. A tub was suspended beneath a 7-in. 
slot to catch a section through the load as it was dumped. 
It is believed that the sample so collected represented 
the whole load very well. Ten tubs were filled in this 
way, kept covered and, at the close of the day, all of 
it was put through the Jeffrey grinder, without the 
addition of water. The material ground was sampled 

TABLE 2. 


Pounds per Ton 
of Green Garbage 


OE SOMMIBE 2 has cise vcs. otek oie. isk s ic sae 350 
Insoluble Suspended Solids after coarse grinding 

Cireanh: Degen: Gipetee ys os. 5. <'sseies vise sia wereeie 260 

PROUT ooo Foss vada neettaassceeusieres 192 
Oxygen Consumed ......... See NO NAS RR TEE 153 
Biochemical Oxygen Demand................++:: 152 
S0tal OComamlc MAGNE. «oo coed cceensnssiscendes 7.59 
Petrolewm Ether Sov@ile. 2 s..5,000ee0 ess ccd owes 40.2 


*In order to obtain an emulsion of garbage which could be 
measured for the various determinations, 50 gms. to 1 litre of 
water were put through the homogenizer used on sewage samples. 
(See illustration.) 
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continuously, about a tub full being collected. The 
tub of ground material was sampled and examined for 
total and soluble solids. The remainder of it was put 
through a sausage mill, to reduce the size of the particles, 
sampled and examined for the items shown in table 2. 
This procedure was carried on from August 19 to 
December 14, during which time 74 samples were ex- 
amined, total weight calculated for the tonnage ground, 
and these used in arriving at averages. 

It should be noted that the sample was dried before 
making the T. O. N. (total organic nitrogen) determina- 
tion which is believed to have resulted in low figures. 
Assuming 0.4 lbs. of garbage per capita (the highest 
annual figure in the Indianapolis records) the garbage 
B. O. D. per capita per day is calculated to be 0.03 Ibs. 
This is 18 p.c. of the generally accepted sewage per 
capita equivalent and 11 p.c. of the Indianapolis figure, 
and for the maximum week this figure would be doubled. 


Sewage Sampling 


Throughout the life of the Indianapolis Sewage plant, 
24-hour weighted composite samples of the clarified 
sewage, the final effluent and of all sludges have been 
examined daily in the laboratory. The same sampling 
and laboratory schedules were maintained during the 
garbage grinding. 

In addition to the usual schedule samples were taken 
each day at 15 minute intervals, during the garbage 
grinding period, of the raw sewage before and after 
the addition of the garbage, of the raw sewage entering 
the plant from a sewer not receiving the garbage, and 
at a number of points in the clarification process. 

Standard Methods of Analysis (A. P. H. A.) have 
been followed except in two particulars. All samples of 
raw and clarified sewage (but not final effluents) were 
homogenized before portions were measured for any 
determination. The homogenizer consists of a plug 
rotating at 3,600 r.p.m. inside a stationary shell. The 
plug is milled to 
draw the liquid in at 
the bottom, carry it 
upwards around the 
plug through a 
decreasing clearance, 
and force it out 
through 1-16 inch 
round holes at the 
top. The device is 
submerged during 
operation which pre- 
vents aeration of the 
sample. It was de- 
veloped to reduce 
the size of the sus- 
pended solids in 
sewage samples and 
make them more 
uniform _ (IIlustra- 
tion 4). Gooch cru- 
cibles, for the deter- 
mination of suspend- 
ed solids have, for 
some years, been 
topped with about 
1-16 in. of celite 
“HY-flo” to increase 
their effectiveness. 
In all other respects 
laboratory proce- 
dures were standard. 








(4) The Homogenizer. Original De- 


vice Shown Below. Upper Part of 
Picture Shows Final Development 
with Outer Casing Lowered to Show 
Construction of Rotating Element. 
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TABLE 3.—-SCREENED AND SETTLED SEWAGE 
COMPARED WITH CLARIFIED. 


Per Cent Found 
in Clarified Sewage 


I UN ao ee 93.3 
aed deere «oS «5 Goad o Gwiewe ewe die 97.3 
CY NN Soo co ews eck nee boceye 97.7 
Biochemical Oxygen Demand................. 97.9 
Ce ne 99.1 
Petroleum Ether Soluble...................... 97.2 
TABLE 4 
Per Cent Recovery 
in Sewage 
I a ee ele 89 
I OE ae ate ae eo eae 91 
NN as ow ewe enbintdan 40aio's 70 
Biochemical Oxygen Demand................... 115 
ey ere 117 
CPONONA TEIEE SONNE «5 ons ee a ccccined vesce's 69 


As evidence of the accuracy of sampling and lab- 
oratory work, the sum of the poundage of the various 
items determined separately in screened and in settled 
sewage checked with that in the clarified sewage (a 
combination of the two) as shown in table 3. 

None of the samples in this comparison are of raw 
sewage which is harder to sample than clarified. No 
samples have been taken of raw sewage as routine until 
the garbage grinding experiment started. In the past, 
raw sewage figures have been obtained by adding the 
primary sludge to the clarified sewage. This method 
gives the raw sewage content directly on suspended 
solids, total organic nitrogen and petroleum ether sol- 
uble ; and, indirectly on biochemical oxygen demand, as- 
suming that the ammonia-B. O. D. ratio in clarified 
sewage obtains also in the primary sludge. 

The 1934 average raw sewage is calculated to have 
contained (in p. p. m.) suspended solids 347, B. O. D. 
271, total organic nitrogen 37.5, and petroleum ether 
soluble 43.4. This gives an idea of the kind of sewage 
to which the ground garbage was added. 


Recovery of Garbage 


The sewage was examined before and after the addi- 
tion of the garbage, the difference being attributed to the 
latter. Raw sewage is very difficult to sample on account 
of the variation in the size of the particles. However, 
samples were taken at points of natural or induced 
turbulence. Table 4 shows the recovery found in this 
way for a six weeks’ period on the basis of the garbage 
content as determined by direct examination, shown in 
table 2. 

The solids figures are affected, perhaps, by imperfect 
mixing, and failure to take into account, sufficiently, the 
grit and floating material removed in the grit chamber 


TABLE 5.—INCREASE DUE TO GARBAGE IN 


Per cent increase in various constituents in 
raw sewage from addition of garbage if in- 
creases were considered as having been dis- 
tributed over each day as follows: 


24 hrs. 24 hrs. 

Constituents per day per day 
I i ea ad, Malin woes 5. a. 
ND ER Oe 13. 32. 
Ceerens Consumed ooc.cc cc cccvecces 18. 30. 
Biochemical Oxygen Demand........ 15. 30. 
Total Organic Nitrogen............. 4 5. 
Petroleum Ether Soluble............ 25. 33. 


Nore.—Constituents of raw or settled sewage, without the 


3 to Dec. 14, 1935. Maximum week of Loading: Sept. 16th to 21st. 
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addition of garbage, taken as 100 per cent. 





which is located between the points at which the two 
sewage samples were taken. No explanation has been 
found to account for the great loss in oxygen con- 
sumed. Laboratory mixtures of garbage and sewage 
show no reduction in the sum of the two made sep- 
arately. The B. O. D., however, is higher in mixtures 
than the sum of the two separately. The total organic 
nitrogen may be aftected by the fact that, in the garbage, 
it was determined on a tried sample. The petroleum 
ether soluble may be affected by sampling. This because 
deep, rather than shallow, samples are taken and the 
nature of the material tends to bring it toward the 
sur face. 


Effects on Sewage and Treatment 
Due to Garbage Grinding 


Graphs A, B, and C show the pounds increase per ton 
of green garbage, by weeks, of suspended solids, 5-day 
B.O.D., and oxygen consumed in raw and laboratory 
settled sewage and the tons of garbage added per M.G. 
of sewage when garbage was being ground. The graphs 
are rough and illustrate the difficulties in measuring and 
sampling the materials under study. Attention is called 
to the increase in raw sewage suspended solids during 
the latter part of the fall when fine grinding was prac- 
ticed, and to the reduction (by settling) to a point below 
that in the sewage settled without garbage. Most no- 
ticeable was this effect during the greatest garbage con- 
centration and again during fine grinding. 

The oxygen consumed in the raw sewage increases 
sharply with the fine grinding but in the settling process 
the increase practically disappears. 

The B.O.D. of the raw sewage, while being far from 
an even line, shows no such increase during fine grind- 
ing as was noted in the oxygen consumed. No adequate 
explanation has been found for the flat and low part of 
the settled sewage line for the period of heaviest grind. 
It may be seasonal or there may be a coagulating effect 
produced with the higher garbage concentration. It cor- 
responds roughly with the lower, more uniform, part of 
the suspended solids line for the settled sewage. There 
is a slightly similar tendency in the oxygen consumed 
line, also. 

The increases are considerable in the raw sewage, 
especially during the grinding period (Table 5). They 
are higher than would be found for an entire year be- 
cause the lowest garbage tonnage comes in the winter. 
The striking thing is the very small increases remaining 
in the sewage after settling for 30 minutes. The high 
concentrations existing during the grinding period would 
seem to indicate that it might be advantageous to extend 
the grinding operation over a longer period of the day, 


RAW AND LABORATORY SETTLED SEWAGE. 


Per cent increase in various constituents in 
supernatant from raw sewage settled 30 min- 
utes if increases were considered as having 
been distributed over each day as follows: 


During grind- During grind- 
ing period ing period 

8-12 hrs. 24 hrs. 24 hrs. 8-12 hrs. 
per day per day per day per day 

11. 2.1 Ce 5. 

27. 3.0 —1.5 6.3 

41. 11.5 12.0 26. 

34. 10.9 16.5 25. 

10. aa 1.8 4.5 

34. 4.4 4.9 10. 


Period of tests: June 








although no evidence of overloading appeared in the ac- 
tivated sludge unit or in plain aeration process. 


Primary Sludge Removal 


Due to careless operation of the grit chamber, and also 
to coarse grinding of the garbage, a number of stoppages 
occurred in the waste sludge line from the primary set- 
tlers. Especially was this so during the peach season 
when quantities of seeds came in the garbage. It is be- 
lieved that fine grinding and adequate grit removal would 
have eliminated all of the trouble. After fine grinding 
was started no sludge line stoppages occurred. 

The quantity of sludge removed in clarification during 
the past nine years has averaged 983 Ibs. (803 to 1125 
Ibs.) per m.g. For the year 1935, during which garbage 
was ground, the average was 1181 lbs., which is the 
highest yet experienced. A calculation of the removals, 
made in the ordinary way, by adding the weight of solids 
in primary sludge to that in the clarified sewage, shows 
the solids removal to have been 38 p.c. Assuming that 
the solids from the garbage were removed at the same 
rate as from sewage, and knowing the weight of insol- 
uble garbage solids from the direct examination of it, it 
is calculated that the solids of sewage origin in primary 
sludge amounted to 1038 Ibs. per m.g. This is not far 
from the average for past years. On this basis the pri- 
mary sludge contained 86 p.c. sewage solids and 14 p.c. 
garbage solids. From the ash content of garbage and 
sludge, it was calculated that the ash of the primary 
sludge, containing garbage, should be 20.59 p.c. The 
actual average of the determinations made was 20.20 p.c. 


Ammonia—B.O.D. Ratio 


In recent years, the clarified sewage at Indianapolis 
has contained from 6 to 7 lbs. of B.O.D. per pound of 
ammonia (NH,). This is referred to as the ammonia- 
B.O.D. ratio. During the latter part of 1934, and con- 
tinuing into April, 1935, the ratio was lower than usual. 
An increase started then and continued into early sum- 
mer, remaining constant until fall. Since the ratio in 
garbage (about 16.5) is much higher than in sewage, 
the change in the ratio in clarified sewage might be at- 
tributed to the addition of garbage. The ratio in the 
sewage did not respond during the period of greatest 
garbage grind, and an examination of the individual 
clarified-sewage ammonia and B.O.D. figures shows that 
the ratio change is due to increases and decreases in them 
which could not be due to garbage. This matter is pre- 
sented to illustrate the belief that rather frequent changes 
occur in sewage which are of greater magnitude than 
those caused by the additions of garbage. 


Plain Aeration Process 


The process of plain aeration consists simply of pass- 
ing sewage through the aerators without the return of 
sludge, and collecting the flocculated solids in the usual 
secondary clarifiers. The air required is less than in 
most activated sludge plants and biologic action to some 
degree takes place. Greases, however, seem to be altered 
but little if any, very high concentrations being found in 
the sludge removed. : 

In Table 6 is compared the performance of the plain 
aeration process during garbage grinding with the same 
period of the previous year and the first part of the same 
year. The sewage of 1934 and 1935 was almost iden- 
tical. Detention periods were similar but the rate of air 
used was less in 1935. The work done per unit of air 
was greater during garbage grinding in 1935, if com- 


EFFEect oF GROUND GARBAGE ON SEWAGE TREATMENT PLANT OPERATION 








Stina Wéasé Jet ft Gf Slt ated 





Graph A—Effect of Ground Garbage in Increasing or Decreasing 
Suspended Solids 


pared with the same period of the previous year. The 
sewage during the first part of 1935 was materially 
weaker than during the summer when garbage grinding 
was carried on. Air was applied at a lower rate but it 
did less work per unit than when garbage was present. 
Table 6 reveals that the presence of the garbage did no 
damage to the operation of the bio-aeration process as 
practiced at Indianapolis. This may indicate that the 
presence of garbage increased the speed of purification 
but it is felt that evidence is insufficient to make such a 
statement at present. 


TABLE 6—OPERATION OF PLAIN AERATION PLANT 
(Bio-Aeration Without Sludge Return) 








Thousand of 
Pounds 
Cu. Ft. B.O.D. in P.P.M. B.O.D. 
of Air To From Removed removed 
Per Gal. Aeration Aeration by per million 
Period of Sewage Tanks Tanks Process cu. ft. of air 
June-Dec. 
1934 0.62 228 106 122 yz 
Jan.-May 
1935 0.48 196 87 109 1.89 
June-Dec. 
1935 0.51* 231* 107* 124* 2,08* 





*During garbage grinding period, June-Dec., 1935. 


In past years, sludge from this process has been pro- 
duced at the rate of 1254, 1375 and 1370 lbs. per mg. 
These compare with the figure of 1390 Ibs. for 1935. 
Solids were removed from the sewage treated to the ex- 
tent of 71.1 p.c. in 1934 and 71.3 p.c. in 1935. On the 
basis of the same assumption as was applied to the pri- 
mary sludge, it is calculated that the sewage solids re- 
moved amounted to 1227 lbs. per m.g., a slightly lower 
figure than for any previous year. The sludge produced 
is calculated to have been composed of 88 p.c. solids of 
sewage origin and 12 p.c. from garbage. The nature of 
the sludge was normal in respect to the nitrogen and 
petroleum ether soluble matter and slightly lower in ash. 
The ash figures indicate that the sludge contained about 
18 p.c. garbage solids instead of 12 p.c. as calculated 
from the removals above. 

On the basis of overall removals, it is calculated that 
the suspended solids in the effluent contained 13 p.c. of 
(8.1 ppm.) of material of garbage origin. By the same 
method it is found that 13 p.c. (15 ppm.) of the B.O.D. 
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Graph B—Effect of Ground Garbage in Increasing Oxygen 
Consumed (Permanganate Test) 


in the plant effluent was of garbage origin. The B.O.D. 
removal in plain aeration was 55.3 p.c. before garbage 
grinding started and 54.5 p.c. during grinding. These 
are normal removals for this process. 


Activated Sludge Process 


In the past few years, the activated sludge process has 
been carried on in but one unit of the plant. This for 
the purpose of study and not economy. 

In Table 7 is compared the performance of the acti- 
vated sludge process during the garbage grinding period 
with the same period of the previous year, and also the 
first part of the same year. The figures for the two 
similar periods are almost identical except in aeration 
period, which was one hour longer for the garbage grind- 
ing season. The longer period is due in part to an in- 
terruption in the process, made to carry on a chemical 
precipitation experiment. Knowing the plant and the 
conditions under which it operated during the summer 
of 1935 it can be stated, with some assurance, that the 
aeration period could have been held at the same figure 
as during the previous summer. If the results had been 
calculated at the time the records were made, the rate of 
flow would have been stepped up and there is no reason 
to believe that the results of treatment would have been 
changed. As compared with the first part of the same 
year, when the sewage was weaker, the garbage grinding 
season shows slightly more work done per unit of air 
and a longer detention period. The data in this table 
does not indicate that the process was improved by the 
addition of garbage but there is also no indication that 
the garbage caused disruption of the activated sludge 
process 

Sludge production was a little higher, perhaps, than 
usual, but was almost normal. 

The removals in sewage treatment while garbage was 
being ground have been calculated from the total weight 
of the various items. These figures are shown in 
Table 8. 

The cost of grinding 17,256 tons of garbage during 
seven months, without interest and depreciation or su- 
pervision other than a foreman, has been that shown in 


Table 9. 
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TABLE 7.—OPERATION OF ACTIVATED SLUDGE 





PLANT 
Thousand of 
Pounds 
Cu. Ft. ———B.O.D.in P.P.M. B.O.D. 
of Air To From Removed removed 
Per Gal. Aeration Aeration by per million 
Period of Sewage Tanks Tanks Process cu. ft. of air 
June-Dec. 
1934 1.23 228 27 201 1.34 
Jan.-May 
1935 1.09 196 19 177 1.31 
June-Dec. 
1935 1.25* 231* 28* 203* 1.34* 
*During grinding period, June-Dec., 1935. Compare with 
Table 6. 
TABLE 8—PERCENTAGE REMOVALS 
(Based on Raw Sewage Analyses) 
: Plain Activated 
Clarification Aeration* Sludge 
ON WIG Bee Seles ide eomae oases 11 14 20 
RII WHINE. kv ie Hicpicsies. nesses 38 44 55 
aoe 20- 40 61 
siochemical oxygen demand....... 15 45 76 
Total organic nitrogen............. 11 18 40 
Petroleum ether soluble............ 36 54 57 


*May be considered as bio—flocculation without sludge return. 


TABLE 9—ACTUAL COST OF GRINDING GARBAGE 








Total Per Ton 

IE Se lee cc soe pee neon eee $ 33.97 $0.002 
TA IIS ACO AE creer et BRS Pee 1,087.36 .063 
BO oct la hae ean oe Sa ee ee 4,077.98 236 
aioe to sct Tak ere $5,199.31 $0.301 


The power cost includes that used to drive the grinder, 
to operate the water pump (delivering sewage for flush- 
ing the grinder) and the clamshell which lifted the gar- 
bage from the pit to the feeding platform. The labor 
includes a foreman, an operator on the clamshell, and 
three men to feed the grinder. The men were allowed 
time to go a distance of 2 miles to and from the main 
plant and have showers after work. It is difficult to 
make an accurate estimate of the cost of construction 
and operation of a grinding station but the figures shown 
in Table 10 are liberal for the Indianapolis situation. 


TABLE 10—ESTIMATED COST OF GRINDING 
STATION 
Per Ton 
(30,000 
tons per 


Cost of building and equipment : Total year) 


Building and receiving pit.......... $11,000.00 
Two grinders, conveyors and grit 

SN fet cic manee calor cae ieee ates 9,000.00 
Pumps, heating and misc. equipment 3,500.00 
Roads .5.-.%. Bae at de pie pee 500.00 
IE RE ence 201 ae, Wire dey cars. 750.00 


2,500.00 
—_—_——— $27,250.00 


Engineering and contingencies...... 


Interest and depreciation. ..........00.sseeeee. $ 3,091.25 $0.103 
Operation: 

i eB Sa er res ee $ 1,800.00 

SUOONes Ald TENAWS........ 060050000 950.00 

ee ee ere 500.00 

Truck repair and fuel............. 200.00 

Labor—forman and 2 laborers...... 4,500.00 


—————$ 7,950.00  .265 


—— 





PUG RE. 655 ir bees eager eT $11,041.25 $0.368 





















TABLE 11— INCREASED SEWAGE PLANT COSTS 
BASED ON 30,000 TONS OF GREEN GARBAGE 
PER YEAR 

Total Per 
Per Year Ton 
Pumping volume of garbage added........... $ 24.08 
Pumping of garbage solids in primary sludge.. 19.50 
Additional cost for air at activated sludge plant 
" assuming garbage B. O. D. removed at same 
unit cost as Sewage B. O. D. including cost 
SUeEMe RMI 0 5.0 5.4 sso ores slew tiiens Safes 5,430.00 
Digestion pit operation and sludge removal.... 637.00 
EE, > (5. Gc uy, huh he eee a irean ea ora $6,110.68 $0.204 


The total cost per ton of green garbage including in- 
creased sewage plant costs, interest, depreciation and 
operation of the grinding station is $0.572. The saving 
in haul figured at $0.20 per ton mile is $0.40, making a 
net cost per ton of green garbage of $0.172. 

Increased costs at the sewage plant (Table 11) are 
on the basis of the addition of the loads imposed by the 
garbage solids and B.O.D. based on the unit costs in the 
past of removing the same items from sewage. This 
plan of calculating cost has been adopted even though no 
additional expenditure has been made at the sewage plant 
during the garbage grinding herewith reported. The 
digestion of the sludge with garbage present is more 
rapid than with it absent, but no credit is taken for that. 

No increased interest and depreciation is shown in 
sewage plant since there is no evidence to indicate that 
a larger plant will be required. 

The estimate of savings in haul of garbage is conserva- 
tive, being materially under the estimate of the Super- 
intendent of the Indianapolis collection department. 

The cost of construction and operation of the old by- 
product reduction plant is shown in Table 12 for the 
years 1928 to 1934. The net cost of operating the by- 
product reduction plant, after taking credit for the by- 
products sold, is $3.38 per ton of green garbage and is to 
be compared with the net cost of $0.172 for grinding 
and disposal with the sewage as shown in Table 11. 

It is interesting to see how garbage grinding would 
have compared with incineration of garbage alone. The 
cost of a 200-ton per day incinerator would be approxi- 
mately $125,000. Interest and depreciation at 7.25 p.c. 
based on a 30,000-ton year would be $0.30 per ton. The 
Chamber of Commerce of the United States in their re- 
port of April, 1931, entitled “Refuse Disposal in Ameri- 
can Cities” gives the cost of operation of garbage incin- 
erators in cities of over 250,000 at $1.55 per ton. The 
total operating cost per ton of green garbage including 
interest and depreciation is $1.85. This compares with 
the $0.172 cost per ton for grinding as a method of dis- 
posal. 

While these differences quoted above apply to Indian- 
apolis conditions, even had the sludge been digested in 
heated tanks and dried on sludge beds, rough computa- 
tions show that grinding is still considerably less expen- 
sive than other methods of disposal. Further than this 
the digestion process yields methane gas values in oper- 
ating power producing equipment for the air blowing 


TABLE 12—COST OF OPERATION OF THE INDIAN- 
APOLIS GARBAGE REDUCTION PLAN T—1928-1934 
(Total garbage reduced, 196,688 tons) 





Total Per Ton 
Interest and depreciation............... $ 553,602.00 $2.82 
MAN oa eaten se Sean 702,501.00 3.57 
OD oe ihe ss Souiadr sts oka ote wena $1,256,103.00 $6.39 
By-product receipts ..........0+es-eeees 592,062.00 3.01 
it COE 25.46. 55.55:d an eaten Baten $ 664,041.00 $3.38 


EFFECT OF GROUND GARBAGE ON SEWAGE TREATMENT PLANT OPERATION 


(Remas Jycetasé fee fei G¢ GEL 








Graph C—Effect of Ground Garbage in Increasing 5-Day B.O.D. 


process. It may be reasonably predicted that there is to 
be found an overall profit from garbage digestion at ac- 
tivated sludge plants where the additional gas produc- 
tion can be most profitably used in power production. 


Discussion 


Ground garbage has been added to sewage by several 
cities in the past. Excepting possibly Lebanon, Penn. 
(and there none too successfully), no city has disposed 
of all of the collected garbage in this way. At Durham, 
N. C., garbage was ground and discharged to sewers 
feeding an activated sludge plant during the past sum- 
mer with reported success. Concurrently there was a 
production of digester gas which rendered the aeration 
process self-supporting and even produced surplus power 
at times. 

It appears on first thought that garbage should add a 
very heavy load to that which the sewage plant must 
treat, but every sewage plant always receives a consid- 
erable amount of waste from the domestic preparation 
of food. Besides juices, any solids fine enough to pass 
the sink strainer are flushed into the sewer. Observa- 
tion of the screenings caught on the coarse racks shows 
conclusively that many people make a practice of dis- 
posing of rather large pieces of garbage by putting them 
through the toilet. The convenience and niceness of the 
household grinder recommends it and it will doubtless 
be used wherever the cost is not prohibitive. The pres- 
ent cost will prevent its general use. In any case, the 
additional load from this source need cause the sewage 
plant operator no alarm. However, even if it did inter- 
fere with plant operation, works would have to be de- 
signed and operated to handle it if the people insisted on 
using that method of disposing of their waste food. If 
possible, public plants must meet the demands made upon 
them. 

In the peak of the garbage season, when vegetables 
and fruits are being canned, the garbage is quite heavy. 
It reached a rate of almost one pound per capita on one 
day last summer and averaged 0.8 Ibs. during one week. 
While the peak garbage load is heavy, it comes at a sea- 
son of the year when biologic activity is at its height and 
final treatment processes are better able to meet it. 

The nature of the garbage has a large bearing on the 
feasibility of disposing of it with the sewage. If much 
rubbish is collected with it, grinding and disposal is made 
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more difficult. Indianapolis garbage due to household 
separation requirements is quite free from rubbish. 

Obviously, ground garbage should not be added to the 
sewage if the disposal plant is unable to meet the con- 
ditions imposed by the sewage alone. The additional 
load, however, is not beyond the limit of variation which 
plants must be prepared to meet regularly. 

The experiments carried on at Indianapolis and else- 
where show that garbage is digested rapidly with sew- 
age solids. While no large scale controlled experiments 
have been conducted, it is believed that garbage will re- 
quire no material increase in sludge digestion capacity 
since in balanced or controlled proportions it appears to 
speed up the digestion of the mixture. All of the sludge 
produced (primary, activated and plain aeration) was 
pumped to the open deep digestion pits which have been 
used since the plant was started. No garbage contain- 
ing sludge has been removed as yet but digestion seems 
to have proceeded normally and there has been no change 
in odor. 

While the evidence is conclusive that garbage may be 
digested at elevated temperatures, with sewage sludge 
without trouble and with a substantial increase in gas 
production based on organic matter, trucking the garbage 
to the digester results in the loss of such savings as 
would be realized by the water carriage of the ground 
garbage. After the removal of grit, garbage solids are 
not deposited in sewers to a greater extent than are sew- 
age solids and any sewer which will carry sewage will 
carry properly ground garbage. The experience with the 
operation of the household grinders demonstrates the 
point that garbage solids are carried easily in sewers. 
While the garbage grinding operation at Baltimore in- 
cluded only the excess which could not be handled at the 
incinerator, the ground garbage in the sewer did not af- 
fect the functioning of the sprinkling filters. 


Conclusion 

After seven months’ operation, the conclusion reached 
is that ground garbage offers no serious problem in sew- 
age treatment and such disposition appears to be more 
economical than methods now in use. 

From the standpoint of economics, it seems plain that 
such increase in sewage plant cost as may occur on ac- 
count of the ground garbage, will leave a very nice mar- 
gin in the difference between the cost of construction, 
maintenance and operation of a grinding station vs. the 
established types of garbage disposal installations and 
their operations. . 


Waterworks Information Exchange 


of the Canadian Section A.W.W.A. 
By A. E. BERRY* 
Toronto, Ont. 
A ready exchange of informa- 
tion on waterworks topics is one 
of the important features of 
membership in the American 
Waterworks Association. Vari- 
ous methods for facilitating this 
have been developed. The wa- 
terworks Journal, the technical 
press, and the annual conven- 
tions all! play a most important 
part in this work. The Canadian 
Section of the Association has 
endeavored to go one step fur- 
ther and has initiated a plan 
known as the “Waterworks In- 
formation Exchange.” 





A, E, Berry 
May, 1936 
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The development of this information exchange was 
brought about by the desire of the members to secure 
data on various details which otherwise might not pe 
available. Usually when waterworks men wish infor- 
mation on any specific subject, they either search the 
literature or they communicate by letter with their fej. 
low workers. The result has been the issue of many 
letters of inquiry and a duplication of effort, as well as 
no wide distribution of the resulting material. Now the 
secretary's office, in the Canadian Section, becomes the 
means by which such data is collected, and distribution 
is made to all members rather than the one individual 
seeking the data. Information of any kind can be gol- 
lected, and the members of the Section make sugges- 
tions from time to time as to what material they would 
like. 


Operation of the Exchange 


The procedure followed is to prepare, and to distribute 
questionnaires from the Secretary’s office. These are 
forwarded to all municipalities in Canada, where there 
are members. This list includes more than 100, and 
since they are members, they represent the most aggres- 
sive centers in the Dominion. For certain features, the 
data is collected for all municipalities in Canada, and a 
complete record is thus made available. 

The distribution of the tabulated data is made on 
loose-leaf mimeograph paper. When the project was 
initiated, a loose-leaf folder was printed and distrib- 
uted free of charge to every member. This contains a 
number of sections, each dealing with such subjects as, 
Water Purification; Finance, Accounting and Rates; 
Waterworks Operation; Section Activities, etc. In 
order to readily distinguish these, and to avoid con- 
fusion, different colors of paper are used. When the 
material is distributed in loose-leaf form, the appro- 
priate color of the classified section is used, and the 
paper is perforated to fit the folder. 

This system has been in use only for a limited time, 
but already the following material has been made avail- 
able: sources and chemical constituents of water sup- 
plies; full details on fire protection charges; filtration 
and chlorination plants in all Canada; water rates, and 
related data; methods of operation, etc. Other mate- 
rial in the process of tabulation includes: details on wa- 
terworks intakes in all Canada; full details of filtration 
and chlorination plants in Canada; water storage capaci- 
ties; freezing of water services; pumping equipment; 
rainfall data, and many other matters of interest to the 
waterworks official. 

The reception of this service by the members of the 
Canadian Section has been most favorable and encourag- 
ing. It appears to be a worth-while effort and, as time 
goes on, it should become increasingly useful to the 
man who wishes to have tabulated material readily avail- 
able at his desk. 


*Secretary, Canadian Section, A. W. W. A. 

(Note: Having learned of the operation of a Water Works In- 
formation Exchange by the Secretary’s office, we considered _it 
such a progressive and valuable service, that we requested Dr. 
Berry to give us this interesting account.—Ed.) 


v 


New York City Cannot Set Hyprant RATEs.— 
The New York City charter provision that the Commis- 
sioner of Water Supply, Gas and Electricity shall have 
authority to fix rates for hydrant service for water sup- 
plied by private water companies was declared uncon- 
stitutional in a decision by Justice Francis Bergan of 
the Supreme Court. He ruled that the sole authority 
rested with the Public Service Commission under a law 
of 1931, and dismissed the city’s camplaint. 





Kahoka’s New Chemical Sewage Treatment Plan—with Separate Sludge Digestion (Capacity 200,000 Gallons Per Day). 


CHEMICAL PRECIPITATION SEWAGE 





TREATMENT PLANT AT KAHOKA, MO. 


By FRANK BEARD 


Consulting Engineer, 
Kahoka, Missouri. 


HE City of Kahoka, Mis- 
4% souri, has approximately 

1500 population and is lo- 
cated in the agricultural section 
of the northeastern part of the 
state. There are no factories or 
industries other than those of the 
mercantile type. 

In 1933, two bond issues were 
voted. One was in the amount 
of $25,000 for water works im- 
provements and the other in the 
amount of $35,000 for a sewer 
system and sewage disposal! plant. 
No engineer was employed prior 
to the first election and the above amounts were arrived 
at more on the basis of what could be voted rather than 
the amount needed for the improvement. Both projects 
were constructed under PWA. 

Much preliminary investigation was done before the 
type of disposal plant was selected. Among the items 
considered were: the degre of purification necessary ; 
the adaptability of the type to the plant site; the char- 
acter of the sewage to be expected; the simplicity of 
operation, and the comparative costs of different types 
of plants from the standpoints of initial cost, operating 
costs and money available. 

The stream which must receive the plant effluent has 
normally very little flow and during a dry season has 
practically none. Therefore it was necessary to provide 
complete treatment. 

_The general design was based upon a future popula- 
tion of 2,000 contributing 100 gallons per capita, per 
day, or, in other words, 200,000 gallons per day. 


\d 


The Author 






Selecting Type of Plant 

The first type of plant to be considered was the Im- 
hoff Trickling Filter type. This type had its advan- 
tages of simple operation, low operating costs and rea- 
sonably good final effluent. However, this type also had 
its disadvantages. Surveys showed barely sufficient 
head room through the plant site to permit a gravity 
flow. The heavier rains would cause the creek to flood 
the lower part of the filter bed and final settling basin. 
No local stone passed the tests for filter material, there- 
fore it would be necessary to ship in filter material. 
Test borings showed that water-bearing sand would be 
encountered 12 feet below the ground surface, while 
for a gravity flow the bottom of the Imhoff tank must 
be thirty feet below this surface. Such conditions neces- 
sarily mean expensive construction. 

A brief consideration was given to activated sludge 
and separate sludge digestion types of plants. These 
types for this particular site were found to have many 
of the above disadvantages, or others equally as serious. 

The chemical precipitation type was then considered. 
A review of engineering magazines, published during 
the last five years, showed a surprisingly increasing 
trend toward this type of plant. 

Chemical treatment was first tried in Paris in 1740 
and has been in existence in some form or other ever 
since. The disadvantage of this type of plant in the 
past has been the cost of chemicals, rather than the in- 
itial cost or quality of effluent produced. Modern meth- 
ods, however, have greatly reduced the cost of chemicals 
and modern equipment has developed the process of 
mixing the chemicals with the sewage, so that the 
amount of chemical required has been greatly reduced. 

Preliminary experiments with a small flocculator in- 
dicated that 34 grain of ferric chloride produced satis- 
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factory results. After flocculating for thirty minutes 
and settling for a period of one hour, samples of the 
effluent were caught in glass jars. These jars were left 
open for five days during hot summer temperatures and 
no odor or. change was perceptible. 

From these findings, together with results being ob- 
tained at the Shades Valley plant, of similar design, at 
Birmingham, Alabama, it was decided that the Kahoka 
sewage would lend itself readily to chemical treatment 
and the determining item in the final selection of the 
type plant to be constructed would be the relative initial 
cost of the Imhoff Trickling Filter Type as compared to 
the Chemical Precipitation Type Plant. 

Therefore, alternate bids were requested on the two 
types. The low bid for the Imhoff type which con- 
sisted of a bar screen, Imhoff tank, dosing tank, trick- 
ling filter with rotary distributor, fina! settling basin 
and sludge drying bed, was $16,419.36, while the low 
bid for the complete Chemical Precipitation Type was 
$13,558.50, a difference of approximately $3,000.00. 

Considering that for a part of the year, the flow of 
the creek receiving the effluent from the plant would be 
sufficient to permit the closing down of the chemical 
apparatus and also considering the possibility of using 
returned sludge, it was estimated that the cost of operat- 
ing the chemical precipitation type plant would not ex- 
ceed the cost of operating the Imhoff type by more than 
$120 per year. This would be 4 per cent interest upon 
the $3,000.00 difference in the initial cost of the two 
types. Due to the fact that the money available was not 
sufficient to build a plant and properly sewer the city, 
this $3,000.00 could very advantageously be used in ex- 
tending the sewer system. Therefore, the contract was 
awarded for the Chemical Precipitation Type Plant. 


Design of Plant 


This plant consists of a bar screen, two control cham- 
bers, flash-mixer, flocculator, two clarifiers, pump house 
with sludge pump and chemical feed machine, control 
panel, etc., digester and sludge drying bed. 

A general picture of the plant layout (see plan) is 
as follows: The incoming sewer main follows the north 
and south center line of the plant. The first unit is the 
bar screen. Next on this center line is the pump house. 
Next come the control chambers, quick-mix chamber 
and flocculator. These are constructed as more or less 
one unit. First is control chamber No. 1, then No. 2, 
then the quick-mix chamber; each is 3 feet wide and 
3 feet long. The flocculator, which is 7 feet, 6 inches 
wide, and 18 feet long, is next on this center line. Clari- 
fier No. 1 is to the left of the north end of the floccu- 
lator and clarifier No. 2 is to the right. The digester is 
located to the left, or west, of the plant center line, be- 
tween the screen chamber and pump house, and the 
sludge drying bed is located west and north of the di- 
gester. Excepting the sludge drying bed, the entire 
plant covers a plot of only 80x100 feet. 

A brief description of the different units is as fol- 
lows: 


Bar Screen: The bar screen is the ordinary one- 
inch bar screen, 4 feet long and 3 feet wide. It is 
manually cleaned. It is constructed with a by-pass 
arrangement so that in case the one-inch screen is 
allowed to become clogged, the sewage will by-pass 
this screen and go through a 3-inch screen 6 inches 
high. With an increase of 6 inches in the sewage 
level, it will go over the top of this screen. Thus, 
it is impossible for the screen chamber to clog to 
the extent of flooding the plant site. 
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Control Chambers: From the bar screen, the sew- 
age flows to control chamber No. 1. Both controj 
chambers are octagonal in shape and three feet 
across. Each is equipped with two steel stop gates 
and one wooden stop plank. Pipe lines leave contro} 
chamber No. 1 and run parallel to the sides of the 
flocculator to the collection chambers located at the 
north end of the flocculator. Other pipe lines leaye 
control chamber No. 2 and run to the respective effly- 
ent channels of clarifiers No. 1 and 2. Each pipe 
opening is served by a steel stop gate, while the 
openings between chambers 1 and 2 and chamber 2 
and the quick-mix chamber are equipped with 
wooden stop planks. By different setting of these 
stop gates and planks, the flow may be directed to 
either clarifier for primary settling or may be split 
between the two or the entire flow may be sent 
through the quick-mix and flocculator. There are, 
in fact, five different routings of the sewage flow 
through this plant. This subject will be discussed 
later. 


Flash Mixer: The quick-mix chamber is com- 
posed of two compartments. Sewage enters from 
control chamber No. 2 into a compartment 15 inches 
wide, 3 feet long and 6 feet, 3 inches deep. The 
chemical is fed by means of a rubber hose in a vitri- 
fied clay conduit from the pump house through the 
wall of this compartment, where it mixes with the 
sewage at approximately 3 feet below the surface, 
The second compartment is 3 feet square and 5 feet 
deep. A turbo-mix (low lift pump) is fitted with 
the motor and gears over this compartment and the 
impeller at the bottom of the compartment. The 
drive mechanism of this unit is the dual cone type 
which can be adjusted to any speed desired. The 
sewage flows down through the first compartment 
above described and in this second compartment 
from the bottom through an 8-inch opening in a 30- 
inch steel dish casting equipped with deflecting blades 
similar to those of an impeller. The outlet from this 
second compartment is directly into the flocculator 
through a rectangular opening in the common wall 
between the mixing chamber and flocculator. This 
opening is 3 feet long and 15 inches deep, of which 
9 inches is free board. 


Flocculator: The flocculator is composed of a 
rectangular tank 18 feet long, 7 feet 6 inches wide, 
and 6 feet 3 inches deep, 9 inches of which is free 
board. It is equipped with two sets of chain driven 
paddles located at right angles to the direction of 
flow. These paddles are driven by a four speed motor. 
Wood baffles are constructed so as to prevent sur- 
face currents. Under full load of 200,000 gallons 
per day, the flocculation period is 40 minutes. 


The sewage flows from the flocculator into the 
collection chamber at the end of the flocculator. This 
chamber is, equipped with steel stop gates so ar- 
ranged that the sewage may be directed through 
8 inch cast iron pipes to either clarifier. 


Clarifiers: The clarifiers are each 20 feet inside 
diameter with a side water depth of 5 feet 6 inches. 
They are each equipped with Door Sifeed clarifier 
equipment. At full plant load of 200,000 gallons per 
day these two clarifiers provide a total of three 
hours settling period. The effluent channel of each 
clarifier is provided with two effluent outlet cham- 
bers. One is on the side nearest the creek and the 
other is located conveniently for returning the effluent 
to control chamber No. 2. These chambers are 
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equipped with wooden stop plank. Eight inch vit- 
rified clay pipe carries the effluent from each clarifier 
to the creek, and 8 inch vitrified clay pipe also runs 
from the other outlet chamber to control chamber 
No. 2. 

Digester: The digester, for construction purposes, 
was also designed 20 feet inside diameter. The same 
circular forms therefore served for both the clarifiers 
and digester. The side depth of the digester is 16 
feet. It is equipped with concrete cover and gas 
collection equipment. No heating equipment was 
included in the initial construction. A waste burner 
for disposing of the gas has been installed. The 
digester has a capacity of 2% cubic feet of sludge 
per capita. 

The sludge drying bed is 40 feet by 40 feet square 
and of the usual under-drain construction. 


Pump House: The pump house is 10 feet by 15 
feet. In it are located the sludge pump, chemical 
feed apparatus and control panel board. The sludge 
pump is the Barnes simplex plunger pump having 
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a capacity of 4500 gallons per hour. The pipe lines 
are so located that sludge may be pumped from 
either clarifier or from the digester for recirculating 
purposes, 


Chemical Feed: The chemical feed machine is the 
Omega Pecision Solution Feeder, equipped with a 
50 gallon tank. The chemical is carried from the 
feeder to the mixing chamber through a rubber hose 
protected between the building and the mixing 
chamber by a vitrified clay conduit buried below 
frost line. A wooden tank of approximately: 200 
gallons capacity has been provided for chemical 
solution storage purposes. 


Automatic Control: The panel board was con- 
structed by the superintendent of the Municipal 
Water and Light Plant. All control boxes are ar- 
ranged on this board is as near possible to the 
respective positions of the units they operate. An 
automatic clock arrangement has been recently added 
to the control equipment which automatically turns 
on such units at such time as the operator desires 
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Layout of Chemical Type Sewage Treatment Plant at Kahoka, Mo. 
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and likewise turns them off after such period of 
operation as is desired. This plant does not have a 
full-time operator and such equipment greatly lessens 
the operator’s work. 

This concludes the description of the different 
units of the plant. 


Flexible Design 


This type plant is probably the most flexible 
known, from the standoint of operation. As has 
been stated elsewhere, the flow may be routed five 
different ways by different settings of the stop gates. 

Normally there is very little flow in the creek 
receiving the effluent for dilution purposes. The pre- 
ferred routing under this condition is from control 
chamber No. 1 to Clarifier No. 1, where, under full 
load of 200,000 gallons per day, it will receive a 
preliminary settling of one and one-half hours. From 
clarifier No. 1 the flow is back to control chamber 
No. 2, thence into the mixing chamber, where it 
receives the chemical dosage and is given a rapid 
mixing through the low turbo-mix lift pump into the 
flocculator. Here the slow moving paddle wheels 
build up a floc for forty minutes. From the collec- 
tion chamber of the flocculator the sewage flows 
down through 8 inches cast iron pipes to the center 
of clarifier No. 2 and up through the Sifeed mecha- 
nism for one and one-half hours final settling. The 
effluent then flows to the creek. 

During periods when the flow of the creek re- 
ceiving the effluent will permit a lesser degree of 
treatment, the sewage may be routed through clari- 
fier No. 1 for 1% hours settling, then through con- 
trol chamber No. 2 to clarifier No. 2 for another 
settling period of 1% hours, and then into the creek. 
This routing omits the use of chemicals and floccu- 
lation. 

It may be found more advisable under the above 
conditions (and also for chemical treatment at times) 
to divide the flow at control chamber No. 1 and 
route half to each clarifier, in which case each half 
would get 3 hours settling in the respective clarifiers 
before the effluent passed on to the creek. Under 
either of these last two routings the sewage receives 
only primary treatment and there must be sufficient 
flow in the creek receiving the effluent for adequate 
dilution. 

It is also possible to route the entire flow through 
the quick-mix and flocculator and split the flow at 
the collection chamber at the far end of the floccu- 
lator. In this case the flow may or may not be dosed 
with chemicals. It seems more economical, however, 
to settle out the heavier solids before chemicals are 
added. Experiments have indicated that flocculation 
without the addition of a chemical assists somewhat 
in the settling of solids. 

Another routing is reversing No. 1 and No. 2 
clarifiers in the routing first described. That is, 
clarifier No. 2 is made a primary settling basin 
and clarifier No. 1 a secondary. The only difference 
in these clarifiers is in the speed of the rotation of 
the mechanism. The primary mechanism normally 
rotates at a speed of .1 r.p.m., while the secondary 
rotates at a speed of .066 r.p.m. 

It is also possible for the purpose of inspection or 
repairs to cut out either clarifier entirely. 

This disposal plant was accepted as complete 
September 23, 1935, and the sewer system was 
accepted as of October 1, 1935. 
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CHEMICAL PRECIPITATION SEWAGE TREATMENT PLANT AT KAHOKA, Mo. 








Performance 


No laboratory records as to the performance of 
this plant are available. The city has not purchased 
testing equipment as yet, but intends to do so at 
once. As soon as the sewer system was accepted 
and turned into the plant on October 1, the operator 
began filling the digester and started experimental 
operation of the entire plant. The infiltration from 
the six miles of sewer system was a mere trickle, 

It was found that the amount of chemical to form 
a satisfactory floc could be determined approxi- 
mately by the appearance of the sewage as it left the 
mixing chamber. A trace of color at this point seems 
to be sufficient. More chemical than this turns the 
sewage black, but otherwise does not seem to affect 
the effluent in any way. Samples of the effluent have 
been taken at different times and set up in an Imhoff 
cone. No sample has shown sufficient settleable 
matter to be read. 

The amount of chemical being used daily at the 
present time is only one-half gallon of 12% per cent 
solution. Ferric chloride so far has been purchased 
in granular anhydrous form (practically pure FeCl,), 
which dissolves at once in water, thus requiring no 
wooden trays or other arrangements to insure a 
uniform solution. The size of the solution storage 
tank is such that it is convenient to make up a 12% 
per cent solution, therefore this is the solution used. 
Later, when the load on the plant increases, it is 
intended to pump a portion of the sludge from the 
secondary clarifier into a storage tank from which 
it will be returned to the mixing chamber during 
the low flow period at night. Experiments at other 
chemical precipitation plants indicate that sludge 
from sewage which has been dosed with ferric chlo- 
ride retains a high percentage of available chemical 
and may be returned many times with beneficial 
results. 

There has been no odor from the effluent or from 
the plant except that coming from the waste-gas 
burner on the digester. At the present time there is 
some gas forming in the digester, but not in sufficient 
quantity for continuous burning. 


Automatic Operation Schedule 

The operator’s schedule at this preliminary period 
is as follows: the automatic control mechanism turns 
on all mechanisms each morning for a period of 1% 
hours. The operator visits the plant each afternoon, 
rakes the screen, tests the control mechanism, and 
runs all mechanism for one-half hour. As the plant 
load increases, additional operating periods will be 
added, until finally continuous operation becomes 
necessary. 

This plant is compact in arrangement, simple in 
operation, and comparatively low as to initial cost. 
It is believed that when sufficient connections are 
made to the sewer system to give a working load, 
the degree of purification obtained will be highly 
satisfactory. All mechanical equipment was fur- 
nished by the Dorr Company through the general 
contractor, F. W. Whitehead, Kahoka, Missouri. 
The final cost of the plant was $13,482.94. 


Acknowledgment—The above paper was presented by 
the author before the Missouri Water and Sewage 
Works Association. 
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OPERATING KINKS 
IN SEWERAGE PRACTICE 


By A. M. RAWN* 
Los Angeles, Calif. 


EWER cleaning operations 

on a large trunk sewer sys- 

tem give rise to many no- 
tions and ideas regarding best 
methods. If given the opportu- 
nity, an intelligent operation and 
maintenance crew will probably 
develop that method which best 
suits the system upon which they 
are working. In time they will 
iron out difficulties incidental to 
their equipment and eventually 
may evolve something useful to 
their brethren elsewhere. In the 
hope that they have done the 
latter, the writer presents a few operation and mainte- 
nance “kinks” which have been evolved entirely by the 
field operation forces on the Los Angeles County San- 
itation Districts’ system. Nothing new is claimed for 
the ideas and many an operation man may recognize in 
each, or all, a counterpart of what he daily practices. 





A. M. Rawn 


Sewer Cleaning 


Recently the writer directed the attention of readers 
of WATER WorRKS AND SEWERAGE to the use of rubber 
beach balls for cleaning lines up to 30 inches in diame- 
ter... Above 30 inches the balls are expensive and hard 
to obtain so that for cleaning circular sewers larger than 
30 inches in diameter the District forces use a form of 
“hoe” shown as Fig. 1. It is simply and easily made 
and can be assembled in the ordinary manhole without 
much trouble. 





*Assistant Chief Engr., Los Angeles County Sanitation Dis- 
tricts, Los Angeles. 

{The author is also President of the California Sewage Works 
Association.—Ed.] 
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Fig. 2—Root Cutter for Sewers of 12 to 36 in. Diameter. 
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Fig. 3.—Air Relief Valve for Force Main. 


In operation the “hoe” is assembled in the manhole 
and the proper sized flexible belting is attached to its 
downstream face. Belting is cut and fitted for each 
size of pipe from 30 inches to 60 inches for circular 
pipe, and is properly stiffened with sheet metal as is 
required in the larger sizes. With the exception of the 
belting attached to the face of the “hoe,” the same 
equipment is used for cleaning all sizes from 30 to 60 
inch pipe lines. 

Following its assembly in the manhole, the “hoe’’ is 
thrust into the downstream pipe and the trail line is 
attached to the tail board holding the weights. The 
sewage backing up behind the “hoe” propels it through 
the pipe, moving any accumulated debris ahead to the 
manhole below. 

The “hoe” is surprisingly efficient in cleaning the 
sides and invert of the line. Care must be taken to 
secure a reasonably close fit between the pipe and the 
outer edges of the belting so that the belting will have 
to flex forward to permit the escape of water collected 
behind the “hoe” face. If this precaution is taken, and 
the tail board is suitably weighted, one may be assured 
that just about anything movable below the backed-up 
water line will be shoved or sluiced ahead to the next 
manhole. Like the pneumatic cleaning ball, described 
in the October 1935 issue of this magazine, the “hoe” 
moves easily over fixed obstructions. 


Root Cutting 


Many types of root cutters have been manufactured 
and sold. A number have been tried on the Districts’ 
lines. None of them, however, has proven much more 
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Fig. 1.—The Sewer “Hoe” for Cleaning Sewers Larger Than 


30 in. Diameter. 


efficient than the simple, inexpensive device shown herein 
as Fig. 2. It is simply and easily made of ordinary 
butt-welded steel pipe of commercial sizes. 

To make it, take a piece of pipe about 18 inches 
long, serrate and sharpen the edges of both ends, and 
weld four shoes to the outside of the pipe. Affix halters 
for the pull and trail lines—and the job is done. 

For an 8-inch line job use a 6-inch diameter pipe 
and 14-inch strap runners or shoes. For a 12-inch line, 
use 10-inch pipe. A 12-inch diameter pipe is large 
enough for a 15-inch line, and so on. The sharpened 
notches in the pipe ends should be rather deep and wide 
so that they may pinch and hold the root, tearing or 
cutting it loose at its point of entrance into the line, 
at which point it is usually quite small and relatively 
weak. 

The pull line is thrust or pulled through with sewer 
rods, if it cannot be floated through the line. Pulley- 
blocks are then suitably arranged at the downstream 
manhole so that pulling may be done with the mainte- 
nance truck. 

Lacking the proper diameter pipe for an operation, 
the operation and maintenance crew once manufactured 
a similar root cutter from a discarded water tank sal- 
vaged from a dump heap. It is still used upon occasion. 


Air-Relief Valve 

Figure 3 illustrates a type of air relief valve used in 
the 3% mile (36-inch diam.) effluent pump line leading 
from the Districts’ sewage treatment plant. The valve 
pictured is installed at a summit in the line about 2,000 
feet from the plant where air must be tapped off if 
the line is to operate efficiently. It is also important 
that none of the effluent escapes through the blow-off. 

A number of valves were tried but all operated with 
indifferent success until that sketched (Fig. 3) was in- 
stalled. As may be seen, it consists of a simple float 
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operating a steel ball valve attached to the end of a 
section of %-inch pipe. The ball seats in a ground 
valve seat tapered to catch and center the ball as it 
rises. The valve case is constructed from a 5-inch 
diameter, butt-welded, steel pipe. 

The secret of the mechanism is the small hole drilled 
in the %-inch pipe near the ball. This is to permit ad- 
mission of air into the light metal float, equalizing the 
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Fig. 4.—Containers Placed Next to Tank Ready for Skimmings. 











pressures inside and out on the float and preventing col- 
lapse of the thin metal cylinder. When first constructed 
the hole was omitted and the float promptly collapsed, 
rendering the valve ineffective. When rebuilt, the a‘r 
inlet hole was drilled and the valve, operating about 
three times a minute, has been in continuous service for 
more than six months. 

It may be thought that condensation or spray might 
eventually fil! the float cylinder with water, and the 
writer admits having shared such a belief at one time. 
Convinced, however, by the plant chief operator who 
designed and built the valve, that if the float did event 
ally fill it could be easily drained and put back into 
service, the installation was permitted. Now it has been 
proven that the principle is sound. No water escapes 
through the valve. 


Grease Collection and Incineration 


At the Districts’ treatment plant, grease is skimmed 
manually from the tanks and burned. For a number of 
years skimmings were accumulated in galvanized iron 
cans and transported to drainage beds. When drained 
they were picked up in wheel-barrows and conveyed to 
the incinerator. 

Handling the galvanized iron cans was a dirty and 
expensive item of labor as was the spreading on drainage 
beds and the re-accumulation and transportation to the 
incinerator. The grease draining beds were odorous 
in spite of all precautions and the incinerator ash was 
about 90 per cent sand—the latter being picked up with 
the grease from the beds. 

The chief operator requested and received permission 
to construct the containers and transporting barrow 
shown in Fig. 4, et seq. 

The container or pan may be made any convenient 
size. That shown in Fig. 4 holds about 3 cubic feet. 
Placed in the bottom of the pan and standing on a rigid 
framework which elevates it an inch off the pan bottom, 
is a 44-inch square mesh screen, the purpose of which 
is to provide drainage for the skimmings. The pan is 
so constructed that all drainage is toward the 14-inch 
pipe shown in the right front of the pan at the base. 
Drainage from the skimmings goes directly back into the 
sewage tank. 

The pan is filled with skimmings as they are taken 
from the sewage and permitted to drain for a couple 
of hours before being taken to the incinerator. Twelve 
such pans are in use at the plant. 

For transporting the pans to the incinerator the pneu- 
matic tire wheel-barrow shown in Fig. 5 was constructed 
and is used. The operator wheels up to the high side 
of the pan, steps across it and engages the forward cross 
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Fig. 5—Wheel Barrow Used for Transporting Skimmings 
Containers to Incinerator. 
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Fig. 6—Storage Pan at Incinerator. 


brace in the two forward pan dogs, then upon lifting 
the wheel-barrow handles, the rod welded across the 
back of the pan catches in the two swinging hooks at- 
tached to the barrow handles, and the load is securely 
engaged. The pneumatic tire prevents wear on concrete 
walls and cross walks; makes for easy rolling. 

It may be seen that when the pan is lifted the slope 
of the pan bottom is reversed and any water shaken 
out of the screenings during transportation stays in the 
pan until it is set down. 

At the incinerator a movable sheet metal storage pan 
(see Fig. 6) is located in front of the charging door. 
The operator swings the loaded wheel-barrow handles 
over the storage pan, engages the pan’s back rod in the 
two forward dogs in the storage pan, releases his load 
and then tips the screenings into the storage pan with 
a hook in the manner shown. 

The operator’s hands do not come in contact with 
the skimmings or the containers at any time and the 
curse has been eliminated from an operation job that 
was once a filthy task. Moreover, the work is greatly 
expedited. 

The pans are cleaned daily with hot water and once 
a week with grease solvent. The pans and the wheel- 
barrow were all built in the plant shop by the plant 
operators. 


i“Sewer Cleaning with Rubber Beach Balls.” <A. M. 
WATER WORKS AND SEWERAGE, October 1935. 
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Maryland-Delaware Association Adds 
District of Columbia 


The tenth annual conference of the Maryland-Dela- 
ware Water and Sewerage Association was held May 
14 and 15 at Frederick, Maryland. Rehoboth Beach, 
Delaware, was designated as the 1937 convention head- 
quarters. The 132 registered at the meeting voted to 
open membership to engineers from the District cf 
Columbia, and the constitution was revised to make 
this possible. New officers elected are: J. V. Cannen, 
Hagerstown, president; E. S. Hopkins, Baltimore, Ist 
vice-president ; C. J. Bruce, Cumberland, 2nd vice-presi- 
dent; and A. W. Blohm, Asst. Engr. Md. State Health 
Dept., was re-elected secretary-treasurer. 

Included in the papers given in the two-day technical 
program were those by E. S. Tisdale, Va. State Health 
Dept.; Earl Devendorf, New York Health Dept.; Mor- 
ris Cohn, Consulting Engineer; Harry A. Faber, The 
Chlorine Institute; Dr. William Rudolfs, N. Y. Agr. 
Experiment Station; L. L. Lewis, Carrier Corp.; Dr. 
W. H. Schulze and C. H. Reynolds, Baltimore Health 
Dept.; and E. C. Maxwell, City Engineer, Frederick. 
An inspection trip to the local water filtration plant and 
PWA sewerage project concluded the program. 
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SECONDARY ELEMENTS FOR 








WATER WORKS AND SEWERAGE METERS 


By L. D. CARLYON, M.E. : 
Bailey Meter Co., Cleveland, Ohio 


ETERS for measuring sewage, sewage sludges, 
M air, and water, as encountered in sewage treat- 

ment plants and water works are comprised in 
general of two main parts known to meter manufactur- 
ers as the “primary” and “secondary” elements. 

The primary element is that part which is installed in 
pipe line of the fluid to be measured and it may be 
either a Venturi tube, a flow-nozzle or a thin plate ori- 
fice. The function of the primary element is to provide 
a reduction in the transverse area of the pipe line, 
thereby causing an increase in the velocity of the fluid 
at this point with a corresponding localized drop in pres- 
sure. The result is a differential in pressure between 
the entrance and the throat of the Venturi tube or across 
the flow-nozzle and orifice. Since the differential pres- 
sure is proportional to the square of the fluid velocity, 
it may be used as an accurate index of the rate of flow. 


The secondary element (more commonly known as a 
register by sanitary engineers) is actuated by the dif- 
ferential pressure and, through mechanical or electrical 
means, converts such into records or indications of the 
rate of flow. In addition a totalization of the weight or 
volume passing through the line is registered. 

Although there are many types and makes of regis- 
ters, they depend upon only a few basically different 
types of mechanisms designed to utilize the differential 
head. These form the basis for much of the following 
discussion concerning secondary elements as applied to 
various services. 


Sewage and Sludge Meters 


A sewage or sludge meter must be capable of con- 
tinuous and accurate operation with a minimum of 
maintenance and attention. It must operate satisfac- 
torily with a reasonable amount of foreign and solid 
matter existing in the system. The mechanism should 
be constructed of materials which will withstand the 
corrosive action of the gases present in a sewage treat- 
ment plant. The system employed should provide for 
venting of the gases formed as the liquid passes 
through the pipe so that it will not become gas-bound 
in the course of normal operation. 

3ecause of the extensive use of the Venturi tube as 
a primary element, it is desirable to have the register 
designed so that its capacity can be changed by increas- 
ing the maximum differential head upon which it func- 
tions without altering the primary element or connect- 
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Fig. 1—An example of the open float tube register for the 
measurement of sewage, sludge, and dirty water. (Courtesy of 
Bailey Meter Co.) 


ing lines, thereby eliminating expensive replacement of 
tubes. 

Registers for sewage, sludges or dirty water may 
be divided into two general classes of differentia! trans- 
lating mechanisms; (1) the open float tube type, and 
(2) the pressure chamber type. 


The Open Float Tube Register 


The open float tube register is used only where the 
hydraulic gradient is relatively low and where changes 
in it are not severe. 





This article sets forth a discussion of the fundamental types of meter registering and recording de- 
vices as applied to the measurement of the flow of sewage, sludge, air and water. 

An article by the same author, which appeared in November, 1935, issue of “Water Works and 
Sewerage,” presents a discussion of the “Primary Elements for Water Works and Sewerage Meters.” 
In response to suggestions from many who have read the first article, the present discussion is pre- 
sented by Mr. Carlyon as a sequel to his earlier article. 
find it reprinted in the Reference and Data Section, which constitutes a special feature of the 1936 
Water Works Convention Issue of “Water Works and Sewerage.”—Editor. 





Readers who have not seen the latter will 
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Fig. 2—An approved method of installing the open float tube 
register for the measurement of sewage or sludge. (Courtesy of 
Bailey Meter Co.) 


One example of the open float operated register is 
shown in Fig. 1 and a diagrammatic installation of this 
register, Fig. 2, illustrates its position relative to the 
float tubes, and the Venturi tube. 

One float tube is connected to the inlet and the other 
to the throat of the Venturi tube by pressure piping so 
that the water level in each tube will rise to a height 
corresponding to the pressure existing in the Venturi 
tube at the point where the connection is made. 


The rate of flow, represented by the difference in 
levels of the floats in the float tubes, is transmitted to 
the register by cables which are attached to sheaves as 
shown in Fig. 1. These cables operate the differential 
mechanism and square root cam which in turn transmit 
the rate of flow to the recording pen, the integrator 
and the indicator. A square root cam is employed to 
translate the differential into terms of flow so that the 
pen motion will be directly proportional to the rate of 
flow. 

Another function of the differential gearing system 
is to automatically compensate for variations in line 
pressure or hydraulic gradient. This mechanism is de- 
signed so that if both floats rise or fall an equal amount 
there will be no change in the position of the operat- 
ing cam. However, if there is a change in the differ- 
ence between the levels in the float tubes, this change 
immediately operates the square root cam which in 
turn moves the recording pen to a new position, thereby 
registering the variation in rate of flow. 


The maximum capacity of this float operated regis- 
ter can be altered by simply changing two sets of gears 
in the differential mechanism. This feature is provided 
to eliminate excessive costs for the replacement of the 
Venturi tube with modern equipment, wide variations 
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in capacity can be obtained without removing the pri- 
mary element from the line of disconnecting the meter 
in any way. 

The register itself is mounted on the operating floor 
immediately above the float tubes. Cables are strung 
from the sheaves to the copper floats in the float tubes. 
This cable system is counterweighted as shown in Fig- 
ure 1 so that there is an even tension on the float cables 
at all times. The float tube covers are provided with 
small pulleys to guide the copper floats in the center 
of the tubes undue friction in the mechanism. 


A satisfactory method of installing the float oper- 
ated register is represented by Fig. 2. The float tubes 
are usually made of 10-inch cast iron pipe and should 
be located directly below the register and as close to 
the Venturi tube as conditions will permit. A con- 
stant supply of fresh water is slowly introduced into 
the float tubes so that the water flows from the tubes 
out through the pressure piping to the Venturi tube 
thereby minimizing the accumulation of solid matter in 
the system. Provision is also made for flushing out 
the pressure piping with clean water under pressure, 
and also for cleaning the inside surface with a brush 








Fig. 3—An example of the pressure chamber type of register 
using a mercury sealed bell. (Courtesy of Simplex Valve and 
Meter Co.) 
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or “ram” should such be necessary. The float tubes 
are fitted with shut-off valves and drain connections. 

The piping connecting the Venturi tube with the 
float tubes is sloped (grade of '%-inch or more per 
foot) to prevent air or gas from becoming trapped in 
the piping and causing false levels to exist in the float 
tubes. The piping should be of 1l-inch or larger cop- 
per or red brass pipe joined together with crosses at 
all changes of direction so that it may be rammed or 
brushed clean by removing the pipe plugs from each 
end of the run to be cleaned. Gate valves should be 
used on these lines instead of globe valves because they 
open to provide a free and unrestricted passage 
through the pressure piping, which is necessary to fa- 
cilitate cleaning. 

The fresh water supply piping may be readily con- 
structed of copper tubing and compression fittings. Cop- 
per tubing of % inch diameter usually furnishes suff- 
cient fresh water for the sight feeds. 

Vents, leading to a point above the maximum hy- 
draulic gradient, should be provided at the inlet and 
throat rings of the Venturi tube as shown in Fig. 2. 
To insure continuous venting, these vents should be left 
open at all times except when flushing the piezometer 
rings. 

The “standard” arrangement of register and float 
tubes (Fig. 2) is not satisfactory in cases where the 
maximum hydraulic gradient rises above the register lo- 
cation. For installation under such conditions, the reg- 
ister may be mounted at an elevation below the float 
tubes and motion of the floats can be transferred to it 
by. running the cables over a suitable arrangement of 
pulleys. Conditions of this kind can also be satisfac- 
torily handled by the pressure chamber type of register 
and the sight feed system described in the following 
section. 


Pressure Chamber Register 


Where line pressures are high, or when wide changes 
in the hydraulic gradient are to be encountered, the 
pressure chamber operated register should be used. 
With this type of meter, the pressure piping from the 
primary element is connected directly to the flow mech- 
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Fig. 4.—One example of the pressure chamber type of register 
using a float. (Courtesy of Builders Iron Foundry.) 
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Fig. 5.—A recommended method of installing the pressure cham- 
ber register, whether bell or float type, for the measurement of 
sewage or sludge. (Courtesy of Bailey Meter Co.) 


anism of the register which contains either a bell or a 
float. 


One example of a pressure chamber register using a 
bell is shown in Fig. 3. The actuating mechanism, a 
hollow float of bel! shape which is sealed in mercury, is 
subjected on the outside to the higher pressure from the 
approach side of the primary element and on the inside 
to the lower pressure. The float is shaped so that the 
resultant downward movement, from its position at zero 
differential head to the position of equilibrium, is di- 
rectly proportional to the instantaneous rate of flow 
through the primary element. 


Movement of the float is transmitted to a sheave, 
usually by a flexible cable provided with a counterweight 
and sheave clamp. The sheave is fixed to a shaft car- 
ried on pivot bearings. After passing through the stuf- 
fing box, the shaft further supports the flow pointer, the 
recording pen, and the integrating mechanism. 


An example of the float type of pressure chamber 
register is illustrated in Fig. 4. The pressure connec- 
tions from the primary element are connected to the 
two sides of a mercury U-tube, the higher pressure be- 
ing connected to the tapered well, and the lower pres- 
sure to the well containing the float. As the rate of 
flow varies through the primary element, the mercury 
level in the U-tube will also vary, thus raising or low- 
ering the float. This motion, through the rack and gear, 
provides the motive power for operating the indicating, 
recording, and integrating mechanisms. 


The specially tapered well of the U-tube partially ex- 
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Fig. 6—An example of the pressure chamber register using an oil scaled bell for measuring air. (Courtesy of Bailey Meter Co.) 


tracts the square root of the differential, and the re- 
mainder of the function is converted by a shaped cam 
in the register so designed that actual motion of the re- 
cording pen and indicator becomes directly proportional 
to the rate of flow. 


One method of installing the pressure chamber type 
of register in accordance with good engineering prac- 
tice is represented by Fig. 5. Foreign matter is pre- 
vented from entering the register flow mechanism and 
connecting piping by the open sight feeds and the set- 
tling chambers. The sight feeds cause fresh water to 
flow from the settling chambers back through the pres- 
sure piping to the piezometer rings of the Venturi tube. 
This flow opposes the tendency of solid matter to work 
into the piezometer rings and pressure piping. The set- 
tling chambers, installed between the pressure piping 
and the copper tubing connecting lines to the register, 
collect and permit disposal of any solid matter which 
may work into the piping. 

The pressure piping is of l-inch or larger brass or 
copper. To facilitate cleaning, crosses are used for fit- 
tings, as shown in the illustration. From the settling 
chambers to the register, 42-inch copper tubing and fit- 
tings are suitable. 

Open sight feeds are recommended in order to elimi- 
nate the possibility of water contamination by a direct 
cross-connection between the fresh water supply and the 
sewage system. If preferred, or if the maximum hy- 
draulic gradient is too high to permit the convenient 
use of open sight feeds, closed sight feeds (see Fig. 5) 
can be used provided that the water supply to which 
they are connected is wholly independent of the city 
water. In some cases, an intermittent type of flushing 
system is used which utilizes city water. This however, 
requires the attention of an operator to establish and 
Maintain the cross-connection and disconnect it when 
manual attention ceases. A flushing connection to the 
inlet and throat rings of the Venturi tube is also recom- 
mended. 


When it is necessary to measure the flow through a 
line in which the hydraulic gradient varies over a wide 
range, and at the same time to locate the register above 
the minimum hydraulic gradient, the flow mechanism 
may be detached from the register and mounted at a 
lower elevation than the registering instruments. In 
this case, the movement of the flow mechanism is trans- 
mitted to the indicating, recording, and integrating de- 
vices by means of flexible cables. 


Air Meters 


For the measurement of air for aeration in the acti- 
vated sludge type of sewage treatment plant, or mixing 
and partial aeration in chemical treatment, the translat- 
ing mechanism of the register must of necessity func- 
tion with a sma!l differential head inasmuch as the static 
pressure of the air itself is low. Under these conditions 
the pressure chamber type of register is applied, but the 
sealing fluid usually is oil instead of mercury. 

One type of meter used with air is represented in 
Fig. 6. The differential pressure is applied across the 
oil sealed bell to which is attached a specially shaped 
displacer which changes its immersion in mercury as 
the bell rises and falls with changes in differential pres- 
sures. The large size of the oil sealed be!l permits oper- 
ation on very low differentials, yet retaining ample 
power for the operation of the registering devices. The 
shaped displacer is so designed that the vertical motion 
of the bell becomes directly proportional to the rate 
of flow. 

Installation of air meters is a relatively simple task 
since 14-inch copper tubing with compression fittings, 
or brass pipe and fittings, may be connected from the 
primary element directly to the pressure chamber of the 
register. Settling chambers are not necessary. 


Water Meters 


For the measurement of clear water the pressure 
chamber register as described for sewage measurement 
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is recommended. These meters are in service in the 
water works field on discharge lines from centrifugal 
pumps, on gravity. mains, on branch lines in distribu- 
tion systems, and in filtration plants to measure raw 
water, clear water, and wash water and rates of filtra- 
tion. 

The installation of the register when applied to clean 
water is as simple as that of an air meter. Direct con- 
nections from primary element to pressure chamber may 
be made with 24-inch copper tubing or brass pipe. Set- 
tling chambers are not usually necessary, nor are the 
sight feed supply systems. 


Register Instruments 


The register instruments contain relatively simple 
mechanical or electrical devices which react in accord- 
ance with the movements of the flow mechanism to pro- 
vide indications, chart records, and an integration. 

It is advantageous if these instruments are designed 
so that additional equipment can be easily insta!led in 
them at any time for commanding the operation of aux- 
iliary registers, signal devices, and controllers. This 
feature simplifies expansion of the services rendered 
by the main register such as operation of remote reg- 
isters, totalization of flow through two or more influent 
lines to continuously indicate the capacity at which the 
plant is functioning. Likewise, for the automatic con- 
trol by flow or the ratio of quantity of sludge returned 
to the aeration tanks. 


v 


“NEW” METERS FROM OLD 


Water Companies, on _ the 
whole, and also several of the 
more progressive municipally 
owned Water Departments, have 
found that a little dressing up of 
overhauled meters before return- 
ing them to the customers’ serv- 
ice has a desirable psychological 
effect on the customer. The spray 
gun and gilt or silver lacquer or 
a combination of the two is the 
most universally employed 
method of dressing up old me- 
ters after they have been over- 
hauled and tagged “O. K.” on the 
test bench. The procedure produces results in terms 
of more satisfied users created through improved con- 
fidence in that unit of the water supply business which is 
the factor of greatest contention between dissatisfied 
customers and the water utility. 

Mr. La Verne Trentlage, up and coming young Super- 
intendent of Meters in the Water Department of Elgin, 
Ill., has evolved a scheme which goes the spray-gilting 
method one better in making “new” meters out of old 
ones. In the Elgin scheme the metal parts of the meter 
are given a treatment which removes the oxidized or 
carbonated coating from the metal and leaves the parts 
as metal-bright as when turned out by the manufacturer. 

In a paper presented recently before the Illinois Sec- 
tion of A.W.W.A., Mr. Trentlage described the work of 
the Meter Division and the method developed at Elgin, 
with the assistance of the General Chemical Company, 
for turning out reconditioned meters as accurate as they 
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look after receiving the brightening treatment of the case 
and parts, which follows. 


Cleaning and Brightening Procedure 


(1) Dip meter parts for 10 minutes in hot Trisodiym 
Phosphate solution (214 lbs. or more of T.S.P. in 10 gal- 
lons of water). 


(2) Remove meter parts from T.S.P. solution and 
rinse in hot water to remove the alkali. 


(3) Dip the parts in Muriatic Acid solution (1 part 
18 degree Muriatic Acid—to 2 parts of water). Allow 
to remain in this acid bath for approximately 15 minutes, 
or longer if necessary. Remove and rinse in hot water, 


(4) To brighten to original lustre, immerse in the 
“bright-dip” solution (1 part 38 degree Nitric Acid, 1 
part 66 degree Sulphuric Acid and 1 part water, plus a 
handful of common salt). Leave the parts in the bright 
dip for 5 to 10 seconds, the length of time depending on 
the composition of the metal and degree of brightness 
desired. 


(5) Remove and rinse in boiling water to remove acid, 


(6) To keep the parts from dulling on standing, a 
“stabilizing-dip” (especially prepared for this purpose) 
has been developed by General Chemical Company, 
After the rinse, the parts are dipped into this solution, 
removed and allowed to drain and dry. 


Notes of Caution: Always add acids to water and not 
water to acids when making dilutions. This will preclude 
over-heating and spattering of the acid. Be careful to 
avoid splashing of the acid when dipping the meter parts. 
In case acid accidentally splashes on hands or face, wash 
at once in clean water to avoid an acid burn. Spattered 
acid is also hard on clothing and shoes. Rubber aprons 
and gloves are good protection. 


Do not use iron or steel wire for dipping meter parts. 
Copper or monel metal wire is satisfactory. 


v 


"'Owed" to Chlorine 


To rid our drink of potent germs, 

To bring Typhosus to our terms, 

To rout the dreaded clear-well worms, 
We Chlorinate. 


When tastes and odors we abate, 

Or algae growths eliminate, 

The first thing—we ammoniate, 
Then Chlorinate. 


When citizens at Mayors glare, 
While sewage fragrance fills the air, 
’Cause H.S is hidden there, 

We Chlorinate. 


To beautify the creek’s ravine, 

And fungi from the bottom clean, 

To make effluents more pristine, 
We Chlorinate. 


To halt B. Coli’s fearful blight, 

Or make stale sewage smell all right, 

To bleach the baby’s diapers white, 
We Chlorinate. 


Oh Chlorine! Praise be to thy name 
And with it everlasting fame, 
What would we come to in this game, 
If we could not 
CHLORINATE! 
—W. Homer Wisely, Spring field, IIl. 
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Tampa’s Modern Purifica- 
tion Plant. Moorish Archi- 
tecture Fitting to Its Setting 
of Tropical Beauty 


FLORIDA SECTION OF A. W. W. A. 
REVIEWS TEN YEARS OF ACCOMPLISHMENT 


the city of its founding, the Florida Section of 

the American Water Works Association incor- 
porated the fifth short course for plant operators at its 
meeting, March 31-April 1 and 2. In a technical pro- 
gram for, whose excellence, Dr. A. P. Black, Chairman 
of the Short Course Faculty, and J. R. Hoy, Secretary 
of the section, were principally responsible, papers of 
pertinent interest were presented. The local convention 
committee, headed by Joe Lyles, ably provided for the 
lighter moments of the meeting. 

The Section members, the City and State, cooperated 
in making the 10th Anniversary meeting a real success. 
More than 110 registered for the sessions. The City of 
Tampa provided a barbecue supper in the tropical sur- 
roundings of the Tampa Purification Plant, and the 
three days of unfailing Florida sunshine contributed to 
the enthusiasm. For the afternoon of the first day, the 
attraction was a conducted tour through the Tampa 
plant, where J. E. Lyles, Superintendent, gave a paper 
on the methods of treatment employed, and demon- 
strated the viewpoint of the chemical engineer when ap- 
plied to water treatment. Unique in its use of CO, 
made from stack gas and of sulfurous acid, prepared 


R ‘tte city of for its tenth anniversary to Tampa, 





Prof. A. .P: Biack, 
Univ. of Florida. Does 
a bang-up job with his 


Keith R. Chinn, West 
Palm Beach Water Co., 
Chairman of the Sec- 

tion. Short School 


from the burning of sulfur, this plant exemplifies the 
most efficient use of modern knowledge of chemical ap- 
plication. Considerable interest was expressed in un- 
usual lime, alum, and activated carbon feeding devices, 
as well as the efficiency of chloramine treatment. 

In the evening of the second day of the meeting, the 
Annual Banquet and Dance, held at El Pasaje, Ybor 
City, contributed Cuban atmosphere. Dr. Black pre- 
sided as toastmaster, entertainers offered native songs 
and dances, and guests supplied impromptu speeches. 
Dancing completed the evening. On the closing day, 
a choice of trips were offered—to the new treatment 
plant of the Pinellas Water Company, 15 miles from 
Tampa, or a conducted tour of a local cement plant, 
cigar factory, and brewery. 

Attending the meeting was E. L. “Florida” Filby, of 
Black and Veatch, Engrs., who, as Chief Engineer of 
Florida’s Health Department, was an organizer of the 
Section, and served as its live-wire Secretary until he 
left the state. 


New Officers 


At the first session, members and guests were wel- 
comed by Tampa’s Mayor, R. L. Chancy, and J. S. 
Long, Supt. of Water. Beekman C. Little, Secretary 
of the National Association, congratulated the Florida 
Section and its officers on progress during its ten years 
of existence. He discussed the accomplishments in 
short school and operator licensing under the association 
committee. 

At the business meeting during the final sessions, the 
new auditing committee reported on finances, and the 
resolutions committee submitted a resolution to the Uni- 
versity of Florida, requesting that they make the short 
course operators’ school a yearly institution. Officers 
elected for the coming year are: 

Chairman—Keith R. Chinn, Chemist, West Palm 
Beach Water Company. 

*This report has been made possible through the courtesy of 


Harry A. Faber, Asst. Engr. of The Chlorine Institute, who did 
a bit of pinch-hitting for Ye Ed.!—L. H. E. 
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An organizer of 


Mo. Organizer Fla. 
Florida Section 


former Secretary the 
of the Section. 


City, 
and 


Vice-Chairman—Donald S. Wallace, U. S. Geological 
Survey, Ocala. 

Secretary-Treasurer—J. R. Hoy, Wallace & Tiernan 
Co., Jacksonville. 

Trustees—G. F. Catlett, Chief San. Engr., State Bd. 
of Health, Jacksonville, and R. G. Ridgley, Manager, 
Pinellas Water Co., St. Petersburg. 


° ° 
Technical Sessions 
(Acting Chairman, Keith R. Chinn, Presiding) 

“Problems in Design of Distribution Systems,” 
T. M. Lowe, Assoc. Prof., Civil Engineering, Univ. of 
Florida. 

Comparing the theory with the practice of distribu- 
tion system design, Mr. Lowe regretted that ordinarily 
the engineer must do a patchwork job, as he cannot 
anticipate the direction and rate of growth. Plotting of 
population curves almost invariably leads to an over- 
estimate. Charts were exhibited to illustrate the layout 
of various types of distribution systems in use, these in- 
cluding the circle, tree, and grid types. Other charts 
showed graphically the influence of pumps and storage 
tanks on pressure regulation, and head loss in various 
sizes of pipes. In smal! towns, he pointed out, design 
must be based primarily on plans required for fire-fight- 
ing purposes. 

Discussing Prof. Louis’ paper in a very practical man- 
ner, W. N. Jones, Supt. of Dist., Tampa Water Dept., 
pointed out that the distribution system is an unseen unit 
of the department, expected to function upwards to 100 
years. Giving recent cost figures, he showed their 14 
m.g.d. system, to be divided as follows: Pumping, $250,- 
000; purification, $650,000; and distribution, $3,000,- 
000. They have 200 miles of cast iron mains, varying 
from 2 to 30 inches in diameter. Before introducing 
proper chemical correction of the water, pipe incrusta- 
tion was an important problem—the original “C” value 
decreasing rapidly from 100 to 40. Now external cor- 
rosion is the main difficulty, pitting and dezincification 
being common because of the salt marshes, whereas elec- 
trolysis is seldom encountered. Contraction and expan- 
sion, due to heating (since their pipe is laid near the 
surface), must be taken up in the joints. Mr. Jones 
said that it was important that distribution systems sel- 
dom were put in charge of a specialized man, as were 
purification systems. 

“Phases of Fire Protection of Interest to Water 
Works Men.” L. C. Siepce, Eng. Dept., Southeastern 
Underwriters’ Assn., Atlanta, Ga. 

Stressing the importance of preparing and preserving 
accurate records of pipe-laying and valve locations, Mr. 
Sledge said the type of pipe and fittings best adapted to 
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a given installation should be decided on the basis of 
performance of those already installed. Because of the 
ultimate detrimental effect on pumps, he pointed out that 
the forcing of pressures at times of fire is undesirable 
“Off peak” pumping is bad procedure, since pressure de- 
creases through the day and an adequate stored supply 
may not be constantly available. The all-important fag. 
tor was the “residual pressure,” which may be defined 
as that remaining when water is being used at periods 
of maximum consumption. 

Because of the anticipated effect of the proposed 
Florida ship canal on conservation of natural resources 
and on agriculture, a symposium on this subject, not 
only aroused acute interest, but resulted in lively banter. 

Predicting, “The Effects of the Cross Florida Ship 
Canal,” SipNey W. Paice, Senior Geologist, U, §, 
Engineer Office, Ocala, reported on a comprehensive 
study of conditions extending over a five-year period, 
Basing his opinion on the fact that the water table in 
the locality of the citrus groves and agricultural areas 
is now hundreds of feet below the surface, Mr. Paige 
pointed out that these sections would not be damaged. 
While some shallow farm wells in the vicinity of the 
canal will require deepening, the supplies of the larger 
cities will be entirely unaffected. Malcolm Pirnie, Con- 
sulting Engineer, New York City, added considerable 
geological data in confirmation of the opinion pre- 
sented. 

State Geologist, Herman Gunter, of Tallahassee, said 
that he would prefer to see a series of test wells drilled 
from high levels to that of the canal to more adequately 
disclose conditions which might be expected. In his 
opinion, the cana! has a potential danger in lowering the 
main water tables. 


Mechanics of Mixing and Settling 


Citing improvements in recent years, both in mechani- 
cal equipment and in basin design, J. M. Kaun, Inter- 
national Filter Co., Atlanta, Ga., presented a thorough 
survey of such trends in his paper, “The Mechanics 
of Mixing and Settling in Water Treatment.” The 
difference in physical properties of alum floc and cal- 
cium carbonate precipitate is now more generally appre- 
ciated, mixing and coagulating operations are generally 
separate operations to secure maximum benefits and 
economies of each, and flocculation improves settling 
characteristics of the floc. Describing mechanical agitat- 
ing devices, the author described the advantages of hori- 
zontal blade types as flexibility, efficient utilization of 
chemicals, and the elimination of short-circuiting. 

The various models of clarifiers now available possess 
advantages in sludge removal, lower operation cost, and 
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Dr. W. A. McPhaul, State Health Officer. Malcolm Pirnie, 
Consultant to many Florida Water Works. S. Paige, Geologist, 
U. S. Engineer’s Office, Ocala 


the production of higher density sludge. He discussed 
the compartment settler in which the full depth is 
divided into a number of shallow basins, mechanically 
cleaned. In this, a large proportion of the total depth 
is used for settling, giving a greatly increased surface 
area. Since it is not always possible to predict with 
certainty how various factors will affect ultimate results, 
study and experimentation, before plant design, is very 
desirable. 

E. L. Firpy, of Black & Veatch, Kansas City, in dis- 
cussing Mr. Kahn’s paper, said the compartment settler 
had not proved entire!y successful when tried several 
years ago. While mechanical equipment has been of 
great importance in modern plant design, he believes 
careful control of chemical application and even rede- 
sign of equipment may make for better efficiency and 
lowered cost. 

Curis BincHAM, Supt., Filtration, Richmond, Va., 
said that the James River, above Richmond, received 
sulphite wastes and the raw water preparation was all- 
important. Flocculators had proven more important in 
conditioning than control or adjustment of pH, and had, 
consequently, effected a very marked saving in chemicals 
required. 

“The Physiological Effects of Mineral Salts Pres- 
ent in Natural Waters’—By Dr. C. B. Porvarp, 
Prof. of Chemistry, University of Florida, was an un- 
usual topic received with considerable interest. To ac- 
count for ideas as to the curative properties of mineral 
waters, Dr. Pollard showed that results from uncon- 
trolled, unscientific experiments had been accepted. 
Drinking distilled water would probably produce the 
same results as mineral waters if consumed under sim- 
ilar conditions of rest and changed environment. Since 
it has been shown that only small amounts of calcium 
salts can enter the circulation, hard waters have been 
exonerated from blame for such conditions as urinary 
concretions. Statistical evidence shows no relation be- 
tween hardness of water and deaths. 

Mentioning briefly the effect of chlorides, nitrates, 
and metallic salts in water, the speaker pointed out that 
few waters contain sufficient amounts to be of pro- 
nounced physiological effect. Considerable research is 
new being carried out in respect to the fluorine content 
of Florida waters. 


Round Table Papers 
“Rebuilding of Filters at West Palm Beach.” J. 


R. TANNER, West Palm Beach. By means of motion 
pictures, Mr. Tanner showed methods used to correct 
clogging of 3-inch underdrains and to remove spots of 
impervious material collected between the sand and 
gravel layers. Discussion following, evoked the fact 
that mud balls are a widespread source of trouble. Mr. 
Burnett pointed to the success of prechlorination in mak- 
ing these break up easily by the weekly use of a fire 
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hose. J. E. Lyles, Tampa, found too high a wash rate 
responsible for uneven level of gravel—particularly at 
ends of pipes. Lowering the wash rate had corrected 
the condition in six months. W. N. Jones said that the 
use of a screen to separate sand and gravel layers had 
proven unsatisfactory because of carbon dioxide con- 
tent of the water. By proper manifold construction no 
mixing of the layers would take place. 

Discussing “Problems in Sterilization of Water 
with Chlorine and Ammonia,” Harry A. FAser, The 
Chlorine Institute, New York City, said proper approach 
to the problem depended upon the type of water to be 
treated, and the purpose of the treatment. In Florida, 
well supplies predominate and their chlorination is a 
desirable treatment as insurance against contamination 
from heavy pumping and unusual wet season contam- 
ination. Some of these supplies have given “red-water” 
trouble in dead ends and chloramine application is of 
value in correcting this condition as well as tubercula- 
tion by bacteria. In the case of filtered supplies, the 
economic value of prechlorination has been proven in 
many plants. When the water does not contain taste 
producing substances prohibiting this method of appli- 
cation, ammonia addition subsequent to chlorination 
offers a distinct advantage in that sterilization is more 
rapid, the residual! is lasting, and chemical cost is de- 
creased. 

In answer to a question by J. P. TURNER, JR., Florida 
Public Service Co., as to the proper point of chlorine 
application when aerating a water containing hydrogen 
sulphide, Mr. Faber showed that economy would in- 
dicate its use following aeration. In this case, the 
chlorine demand would be decreased through sulphide 
removal by the aeration process. Further, chlorine 
would not be lost by volatilization. 

“Chloramine Treatment for Control of Iron Bac- 
teria.” KeitTH CHINN, Chemist, West Palm Beach, 
Water Co. 

The study of tubercules disclosed some remarkably 
resistant organisms which apparently reproduced by 
budding and could not be destroyed by boiling. Labo- 
ratory experiments did not prove chloramine treatment 
would kill them, but semi-plant scale work showed that 
though organic matter prevented even a heavy dose from 
carrying a residual through the filters, growth of the 
organisms~was stopped. Carrying a caustic alkalinity 
in the water corrected had partially stopped red-water 
troubles, but the chloramine treatment ended tubercule 
formation and red-water, and had other advantages to 
its credit. Filters are maintained in excellent condition, 
there has not been a single red-water complaint in 
months, and reasonable residuals are maintained in all 
parts of the distribution system—even in dead ends. 
This effect is being studied by periodic examination of 
a separate section of cast iron pipe, through which the 
treated water flows continuously. 








é Oe 
Prof. T. M. Lowe (Hydraulics), Univ. of Fla. C. F. Under- 


hill, Comm. Utilities, Orlando, Fla. D. S. Wallace, U. S. Geol. 
Survey, Ocala, Fla. (Elected Vice-Chairman of Section) 
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MatcoLtm Prrniz, advisor to the West Palm Beach 
Co., in discussing developments in correcting the con- 
dition said that in the beginning a high free alum con- 
tent was passing the filters, producing a bad red color. 
The modified Hatfield haematoxylin test has proven far 
superior to the old logwood test, and is used for daily 
analyses. Residua! alum is now kept under 0.03 p.p.m. 
by adding (when necessary) to the raw water another 
water with a high bi-carbonate alkalinity, taken in suf- 
ficient quantity from drilled wells, to react with all the 
alum. 

A. P. BLAcK, reporting studies made on the red and 
black sediment found in mains, showed the presence 
of iron-fixing bacteria, exceedingly difficult to cultivate. 
The explanation of the condition seemed to be that when 
water stood in dead ends for a long time a black pre- 
<ipitate was formed from bacterial reduction of sul- 
fates to sulfides and consequent iron sulfide production 
by reaction of the hydrogen sulfide on the iron. In 
waters which have stood a shorter period of time only 
the reddish iron color is present. Sulfide production 
does not take place where water is in rapid motion or 
is maintained in practically a sterile condition. 

“Control of Tastes and Odors.” F. E. Stuart, 
Development Engineer, The Activated Alum Corp., New 
York City. 

Reviewing changes in methods of carbon application 
in coagulation, taste, and odor control, Mr. Stuart de- 
scribed the addition of carbon directly to the filter after 
washing as desirable. If this is followed by a small 
additional dose, added continuously with the applied 
water, coagulation is aided and s!udge decomposition in 
settling basins is prevented. He recommends that about 
4 pounds of carbon per m.g. filter area be applied after 
washing, and that “Activated Alum,” if used as the 
coagulant, will supply the additional carbon. 

The use of copper sulphate in combination chloramine 
addition seems to promise better algae control. Carrying 
extremely high chlorine residuals to the filters had been 
observed by Mr. Stuart to hinder taste and odor con- 
trol, whereas lowered doses seemed as effective in length- 
ening filter runs. 


External Pipe Corrosion 
J. T. MacKenzie, Metallurgist, American Cast [ron 


Pipe Company, Birmingham, presented a thorough re- 
The Bureau of 


view of “Underground Corrosion.” 





Tampa Plant Operators 

H. A. Porter; W. E. Hicks; W. Wilder, Chemist, who work 
for J. E. Lyles, Supt., Purifiication. (We regret that our Scotch 
photographer took Jo. Lyle’s and Secy. Hoy’s pictures on the 
same film—so both are missing from this report.—Ed.) 
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Standards, he said, had done the most complete work 
reporting (Technical Paper No. 368), a survey of con- 
ditions from a study of 36 representative soils. Pj 
specimens laid at the usual levels were excavated after 
definite periods and the degree of corrosion of different 
materials under different climatic conditions reported. 
The conclusion reached is that soil corrosion is essen- 
tially electrochemical, because of currents set up by 
potential difference of the materials in the surface of 
the pipe itself. In acid soils, though cast iron pipe may 
have a protective tar coating, if a small metallic area is 
exposed rapid corrosion may take place. Most action 
occurs in the areas of deficient oxygen supply, especially 
in salt water marshes. The principal types of “rust- 
ing-sands” were to be found in Florida and, to prevent 
galvanic currents, it was advantageous to use lime in 
backfilling unless considerable organic matter was pres- 
ent. Laboratory test methods employing the soil avail- 
able and plates of the metal to be used in the pipes were 
described. The plates were immersed, connected to a 
source of current, and the rusting action hastened—a 
good correlation being obtained with conditions in actual 
practice. 

“Recent Advances in Sewage Treatment” was the 
title of a comprehensive paper by G. F. CaTLett, Chief 
Engineer, State Board of Health, Jacksonville. 

Mr. Catlett complimented the Federation of Sewage 
Works Associations as an important factor in the re- 
search which has given us a more scientific understand- 
ing of the nature of processes available for treatment. 
Contributions of the Sewage Works Journal and of 
such organizations as The Chlorine Institute, Guggen- 
heim Bros., and some equipment manufacturers have 
become important in stimulating more efficient plant 
operation. 


Recently there has been less tendency. to use fine 
screening and, instead, to use one process for the re- 
moval of al! solids. Indications are that sedimentation 
tanks, except for use in chemical coagulation, will grad- 
ually become as obsolete as the old septic tanks. Trick- 
ling filters will continue to maintain their place where 
sedimentation is the primary treatment, and where the 
degree of treatment produced is adequate. Citing the 
erratic results common to activated sludge plants, the 
expense of supervision and operation, and patent de- 
cisions, Mr. Catlett said these have all had an effect on 
the earlier enthusiasm for the process. In sludge diges- 
tion the value of research has perhaps been best dem- 
onstrated. Renewed interest in power production from 
digestor gas, recent work in connection with garbage 
disposal by sewage treatment procedures, and _ success 
in sludge incineration constituted important present 
trends. 


The uses of chlorine continue to grow. In addition 
to final sterilization, odor prevention, prechlorination to 
prevent septicization, biochemical oxygen demand reduc- 
tion, and control of aquatic plants in streams below 
sewage outfalls are obvious advantages. In_ sludge 
thickening, in controlling bulking of activated sludge, 
and in trade waste treatment it had proven likewise suc- 
cessful. Newer equipment and better understanding of 
sewage had been responsible for promising developments 
in the chemical methods of treatment. The mechanical 
filter serves as a desirable secondary treatment for com- 
plete clarification. Chemical treatment has proven part- 
ticularly adapted to wastes of the seasonal industries 
such as canning, and is applied in the field of industrial 
wastes with marked success. 

Dr. A. P. Black complimented Mr. Catlett for pre- 
senting a survey of sewage developments in terms inter- 
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E. L. Fi_sy mentioned that the delicacy of the biolog- 
ical processes was largely responsible for adoption by 
holder municipalities of chemical treatment methods in 
which heavier loads were possible. A capable manager 
of both water and sewage was warranted, in his opinion, 
by the importance of careful supervision of both and 
sewage treatment should be paid for by sewer rental. 

Adding that the flexibility of chemical treatment gave 
it very desirable advantages, HArRy A. FABER men- 
tioned instances in which this process handled wastes 
impossible of adequate treatment by biological means. 
Not only was chlorine alone important, but such com- 
binations as chlorinated iron for hydrogen sulphide re- 
moval and chlorinated-copperas for coagulation, have 
prove to be valuable adjuncts. Because of the similarity 
in their fields, water works men, he pointed out, should 
follow closely the developments in sewage treatment. 


v 


Exhibitors at A. W. W. A. Convention 


(List as of May 1, 1936) 
The American Brass Company 
American Cast Iron Pipe Co. 
American City 
American Concrete & Steel Pipe Co. 
Art Concrete Works 
The Atlas Mineral Products Co. of Pa. 
Badger Meter Mfg. Co. 
Builders Iron Foundry 
California Corrugated Culvert Co. 
The Central Foundry Company 
Chicago Bridge & Iron Works 
Crane Company 
Darco Corporation 
DeLaval Steam Turbine Company 
The Dorr Company, Inc. 
Ducommun Metals & Supply Ca. 
Engineering News-Record 
Fairbanks, Morse & Co. 
Ford Meter Box Company 
Forni Manufacturing Company 
Hershey Manufacturing Co. 
Hydraulic Development Corp, 
Industrial Chemical Sales Co- 
International Filter Co. 
Iowa Valve Company 
Johns-Manville 
James Jones Company 
Kennedy Valve Mfg. Co. 
The Leadite Company 
Mueller Company 
National Meter Company 
National Water Main Cleaning Company 
Neptune Meter Company 
Pacific States Cast Iron Pipe Co. 
Pardee Engineering Companv 
The Permutit Company 
Phoenix Meter Corporation 
The Pitometer Company 
Pittsburgh-Des Moines Steel Co. 
Pittsburgh Equitable Meter Ca. 
Reliable Iron Fdry., Inc. 
Rensselaer Valve Co. 
Simplex Valve & Meter Co 
The A. P. Smith Mfg. Co. 
S. Morgan Smith Co. 
Sparling Water Measuring Equipment 
Thomson Meter Corp. 
United States Pipe & Fdy. Co. 
United States Steel 
Wailes-Dove-Hermiston Corp. 
Wallace & Tiernan Co., Inc. 
Water Works & Sewerage 
Water Works Engineering 
Western City 
Western Construction News 
The Western Gas Construction 
Western Pipe & Steel Co. (of Calif.) 
R. D. Wood Company 
Worthington-Gamon Meter Company 


MEETING OF FLorIDA Section A. W. W. A. 


P. S. Wilson Appointed 
Acting Secretary A. W. W. A. 


B. C. Little becomes Secre- 
tary-Emeritus; A. V. Ruggles 
resigns. 

On May Ist, P. S. Wilson, of 
Glen Ridge, N. J., who is Sec- 
retary of the recently formed 
New Jersey Section of the 
American Water Works Asso- 
ciation, was appointed by Presi- 
dent Frank A. Barbour as As- 
sistant to the Secretary of A. W. 
W. A., filling the vacancy which 
resulted from the resignation of 
A. V. Ruggles. 

Mr. Ruggles henceforth will 
devote his entire efforts to the work of the Sectional 
Committee on Cast Iron Pipe and Fittings, which he 
has been serving, as Technical Assistant to Chairman 
Thomas H. Wiggin, for the past several years. Mr. 
Ruggles .may still be reached through A. W. W. A. 
headquarters or at his new address. 

Upon the retirement of Beekman C. Little on May 
Ist from active duty as Secretary, to that of Secretary- 
Emeritus, which position carries an annual honorarium 
of $2,500 per year from the Association, President F. 
A. Barbour named Mr. Wilson Acting Secretary until 
such time as a new Secretary can be selected. As- 
sumedly some definite action will be taken by the A. W. 
W. A. Directors during the Los Angeles Convention, on 
the matter of Mr. Little’s retirement and the naming of 
his successor. 





P. S. Wilson 


Mr. Little felt that he should not move from his 
home in Rochester to live in New York City or its 
environs, in order to give more direct attention to the 
headquarters office work. The need for closer super- 
vision and management of the offices, explains the recent 
changes made on May Ist by the General Policy Com- 
mittee, and the additional changes in the making. It is 
generally understood that Mr. Little- would not have 
been retired, other than for the reason that it was his 
wish not to remove from Rochester to the Association 
headquarters city. 


v 


Martin Flentje Joins American 
Water Works and Electric Company 


Martin E. Flentje, of Green- 
ville, Pa., for many years Super- 
intendent of Purification with 
Community Water Service Com- 
pany, has been retained by 
American Water Works and 
Electric Company —the  out- 
growth of the recent purchase of 
Community’s chain of plants by 
American. His headquarters will 
be in New York City. 

Mr. Flentje will be working 
out of the company’s Sanitary 
Engineering Department, headed 
by C. E. Trowbridge, who for 
many years has served as Chief Sanitary Engineer and 
Chemist of the company. 





M. E. Flentje 
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AUTOMATIC SOFTENING AND IRON 
REMOVAL PLANT AT EAST LANSING, MICH. 


By FRANK R. THEROUX* 


East Lansing, Mich. 


AST LANSING formerly used a well water sup- 

ply which was objectionable principally because 

of its hardness and iron content. In order to over- 
come this condition, many of the homes installed zeolite 
water softeners and others used rain water collected 
in cisterns and distributed by household pumps. All 
homes so equipped have duel plumbing systems, the 
soft water being used only for purposes requiring the 
use of soap and sometimes for cooking. Homes 
equipped with softeners generally found it necessary to 
regenerate them weekly. Houses with cisterns and 
pumps often neglected their upkeep with resultant leaky 
cistern walls, dirty water, or pump failures and in 
drought years the cisterns were frequently dry. 

A vote taken in the spring of 1933 was overwhelm- 
ingly in favor of constructing a water softening and 
iron removal piant with the assistance of the PWA. 
It is believed that as many people with household soft- 
eners or cisterns voted in favor of the project as people 
without soft water. The value of a continuous supply 
of soft water is realized even more by those used to soft 
water than by those using hard water continuously. 


Character of the Water 

The water is taken from wells about 400 feet deep 
and is typical of ground water in this part of the State. 
Of principal concern is the hardness of about 18 grains, 
the iron content of about 1 part per million and free 
carbon dioxide of about 30 parts per million. A typical 
analysis shows the following values: 


Parts per 

million 
NI 65 05 cay bs nb hig bee en Khe Se korea 327 
CE Se ed eal Se eal 75 
Be ER el Nr ee ee Pore ee en eee 27 
IN Sioa a 1d), yop ale wip arlene RR Ae hse zZ 
TM oo ik Sieg ab amma oe 18 
IIR as a cdg wa hie samewarnenune’ i2 
eat Maas Hic din Bh aie alasn ones aah  RRSIS 1 
i acct re las ag acakale wiser qcarhgt Oto am 30 
I NE Pe os nis Wiad Eplwiiia eat aves 284 
PUNE GUN MUNI cos en cw.ta ce acide wale ne adwes aa 
TE AA ry ie OP nea Fn OF ee 50°F 


While the hardness was the principal continuous ob- 
jectionable quality of the water, iron was a close second 
at times. The iron content and growths in pipes 
brought frequent complaints of objectionable iron stain 
and tastes. 


The Treatment Process 


The objects of the treatment process are: (1) to reduce 
the hardness, (2) To remove the iron, and (3) To remove 
the free carbon dioxide and raise the pH value. 

These objects are accomplished in an automatically 
operated plant. The same well and pump are used as 
before the plant was built. The water formerly was 
pumped directly from the well, by a centrifugal deep 
well multi-stage pump, to the distribution system and 
elevated storage tanks. The treatment plant was in- 
serted as a pressure plant between the weil head and the 
og Assoc. Professor of Sanitary Engineering, Michigan State 

ollege. 
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East Lansing Automatic Zeolite Softening and Iron Removal 
Plant. Capacity 1 M.G.D. 


distribution system, thus making use of existing pump- 
ing equipment. 

All normal operations are controlled by electrically 
and hydraulically operated mechanisms which carry on 
the ordinary procedures in the plant without the pres- 
ence of an operator. It is, of course, necessary to 
regularly inspect the plant and at times make certain 
adjustments. There is no operator on duty at any cer- 
tain time. although the plant is on duty 24 hours daily. 
(Visitors will find the plant locked, but inspections are 
welcomed, although it will be necessary to call at the 
city hall or at the office of the author first.) It is 
believed that this is the most completely automatically 
operated municipal water treatment plant in the United 
States. The plant has a capacity of 1,000,000 gallons 
per 24 hours. 

Three-fourths of the water is softened by passing 
it through five cylindrical zeolite softening units. Each 
unit is seven feet in diameter and eleven feet high and 
contains a bed of 200 cu. ft. of green-sand zeolite, 
making a bed depth of 5.19 feet. The zeolite sand is 
supported on a bed of gravel 12 inches in depth, under- 
laid with a strainer system. The zeolite sand has an 
exchange capacity of 2800 grains of hardness per cu. ft. 
or 560,000 grains per tank. With water of 18 grains 
hardness, as in East Lansing, it is thus possible to 
soften about 31,000 gallons per tank beween regenera- 
tions. This softening capacity is used up in 260 minutes 
at the present rate of pumping. Regeneration is 
accomplished by passing a brine (sodium chloride) 
solution through the softener. The iron content of-the 
water is also removed by these softening tanks in the 
same manner as the calcium and magnesium. 

The other one-fourth of the water is passed (un- 
treated) through two tanks of the same size as the 
softening tanks, each containing 100 cu. ft. of a special 
manganese zeolite, capable of removing iron by oxida- 
tion and filtration, but having no effect on the hardness 
producing compounds of calcium or magnesium. It will 
be noticed that this a process of oxidation and filtration 
and not a base exchange as in the softening tanks. 












The two flows, mentioned in the two preceding par- 
agraphs, and then mixed, giving a water from which 
three-fourths of the hardness and all of the iron has 
been removed. 

This mixed flow is treated with a solution of caustic 
soda and sodium silicate for the purposes of removing 
the free carbon dioxide in the water and to deposit a 
protective silica coating on the inside surfaces of the 
water pipe. A carefully proportioned amount of this 
caustic solution is injected into the water, as it leaves 
the treatment plant, by means of the pressure drops 
created by use of primary and secondary orifices. 


Amounts of Chemicals Used and Their Cost 


Sodium chloride (common table salt) used for re- 
generation of the softeners is the principal item of 
expense in the operation of the plant. Salt costs $7.85 
per ton delivered at the water softening plant. With the 
present water consumption of 350,000 gallons per day 
this requires 1720 lbs., or a daily expenditure of $6.75. 
This is a unit cost of 1.93 cents per 1,000 gallons. 
(Recent quotations on salt indicate the unit cost may 
be reduced to 1.63 cents per 1,000 gallons.) 

Potassium permanganate used for regeneration of the 
iron removal tanks costs 26 cents per pound. About 40 
pounds of it is used monthly. As one-fourth of the 
plant flow passes through these tanks the cost amounts 
to 0.4 cents for each 1,000 gallons treated for iron re- 
moval, which adds 0.1 cent per 1,000 gallons to the 
entire plant flow cost. 

To maintain a satisfactory application of caustic so- 
lution, used to remove free CO, and raise the pH, 
requires 175 pounds of caustic soda per 1,000,000 gal- 
lons. Caustic soda costs 4 cents per pound. This rep- 
resents a cost of 0.70 cents per 1,000 gallons. 

The entire cost of chemicals for the three treatments 
mentioned above is 2.73 cents per 1,000 gallons of water 
delivered to the distribution system. 

The additional electrical energy used to force water 
through the treatment plant may be measured by the 
drop in pressure through the plant of 13 pounds. The 
pressure entering the plant is 65 pounds and on leaving 
the plant is 52 pounds. At the present cost of electrical 
energy of 2% cents per K.W.H. this increases the 
pumping cost 0.4 cents per 1,000 gallons. 


Cost of Plant 
The treatment plant, completely equipped, cost about 
$21,000.00. The PWA paid 35 per cent and the city 
65 per cent, thus making the investment cost the city 
about $14,000.00. 
COST OF TREATMENT 
(Based on present delivered flow of 350,000 g.p.d.) 


Per 1,000 gals. 


Fixed charges (714% of $21,000.00)*.......... $0.0123 
RC TROMNEMES: Ss. '555.:5s o o10 cise eGR LO RRR CEN ES 0.0273 
TORUS oichgle cine idan o mratsie eR Grae Ieee 0.0060 
Plant Supervision and attendance ............. 0.0119 
PUSSGCEUOES, 5. vocab wenn ee ee ane eon 0.0010 

WHE 6 he dn Se eg a een $0.0565 


The plant has a capacity of 1,000,000 gallons per 24 
hours. The above costs are based on the present flow 
of 350,000 gallons per 24 hours. The estimated cost 
with plant capacity fully utilized is, of course, some- 
what lower. Some of the above figures are only ap- 
proximate, as the plant has not been in operation long 
enough to determine values more closely. 


*Note: It strikes us that the ‘‘Fixed Charges’’ should be com- 
puted on only that sum invested by the city ($14,000) and not 
on the value of the gift of PWA in addition.—Editor. 
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Three of the Five Zeolite Units, East Lansing Plant. 


Explanation of Automatic Features 


Pumping of water through the plant is at a constant 
rate, thus making it possible to control the softening 
cycle of a softener unit on a timed basis. An electrical 
sequence-time-switch is provided for this purpose, initi- 
ating the automatic regenerations of the softeners at 
timed intervals and in a definite sequence. This switch 
is a synchronous motor driven device with five normally 
open load circuits (one for each softening tank) and 
one resetting circuit. The resetting or overall cycle is 
set at the useful softening period plus the regeneration 
period of a unit. The load circuits are then set in se- 
quence so that all five softeners will regenerate within 
the overall cycle but so that only one unit is regenerated 
at a time. 

Each softener is equipped with a motor operated 
multiport valve. The operation of this multiport valve 
controls the regeneration of the unit. After the se- 
quence switch has started the regeneration of a unit, 
the steps in the regeneration process are controlled by 
a timing motor and float controlled switches. The steps 
may be described as follows: 


1. Unit produces soft water (by downward flow 
through the zeolite at rate of 3 gallons per sq. ft. per 
min.) for the predetermined time interval, after which 
the electrical sequence timing switch makes a contact 
initiating the regeneration. ; 

2. The multiport valve (motor operated) moves 
from the softening to the wash position. This cuts the 
unit out of service and backwashes it with raw water 
at a rate of six gallons per sq. ft. per min. This water 
leaves the unit at top and passes to the sewer. The 
wash period is ten minutes and is controlled by a time 
switch. 

3. The multiport valve moves to the brine position. 
An electrical contact starts a motor driven pump on a 
brine recovery tank, pumping recovered brine through 
softener. When recovered brine has been used up, a 
float switch cuts off the brine pump motor and a solenoid 
controlled diaphragm valve opens, permitting an ejector 
to introduce a measured quantity of fresh salt brine into 
the softener. As this passes through the softener the 
first portion, that is the previously recovered brine, is 
run to waste. When the proper volume of fresh brine 
has been ejected, a float switch in the brine tank operates 
to close the solenoid controlled diaphragm valve, thus 
stopping the ejector. 

4. The multiport valve moves to the rinse position. 
Raw water enters the top of the softener and rinses 
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The Motor-Driven Permutit Multiport Valve 
Automatic Control. 


the Heart of the 


the brine through the softener, a second solenoid con- 


trolled diaphragm valve, opening so that this 
fresher brine and rinse water flows to~the brine 


recovery tank to be used for the first portion of 
the regeneration of another unit. This brine recovery 
system effects marked economies in the use of the’ salt. 
The rinsing continues until all of the calcium and mag- 
nesium chlorides, produced in the regeneration, plus 
excess salt, have been rinsed out of the unit, the last 
portion, which is too dilute for re-use, being auto- 
matically discharged to the sewer. 

5. The multiport valve moves to the softening ‘posi- 
tion, thus restoring the unit to service. 


Chemistry of the Treatment Processes 
Softening 


The calcium and magnesium bicarbonates and sulphates 
cause the hardness in the East Lansing water. The 
zeolite used is a highly processed greensand base zeolite 
which has the property of exchanging its sodium for the 
calcium and magnesium of. the hardness producing com- 
pounds in the water. The sodium zeolite compound 
may be indicated by Na,Z and the softening reactions 
are: 


Na.Z -++ Ca( HCO, ), = CaZ + 2NaHCO, 
Na.Z + CaSO, = CaZ + Na.SO, 
Na.Z +- Mg( HCO, ), = MgZ + 2NaHCO, 


Na.Z -+ MgSO, = MgZ + Na,SO, 

The sodium zeolite, during the softening run, changes 
to a calcium or magnesium zeolite, while the hardness 
producing compounds of calcium and magnesium in the 
water are replaced by the corresponding sodium com- 
pounds. For a water containing the relative amounts of 
calcium and magnesium compounds as in East Lansing, 
it is interesting to note the weight of dissolved solids 
in the treated water is about the same as in the raw 
water. 

The regeneration of the zeolite is accomplished by 
passing a sodium chloride (common salt) brine through 
the zeolite bed. The reactions are: 

CaZ + 2 NaCl = Na.Z + CaCl, 
MgZ -++ 2 NaCl = Na,Z + MgCl, 

The calcium and magnesium zeolites are changed back 
to sodium zeolites and are ready for softening again. 
The resultant calcium and magnesium chlorides plus 
excess salt is then thoroughly rinsed out of the zeolite 
bed before it is again placed in service to soften water. 
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lron Removal 


Iron compounds are removed in the softening units 
by an exchange process similar to that described aboye 
for removal of calcium and magnesium compounds. 

The two units which remove iron only, but exert no 
softening action, contain a manganese zeolite, instead 
of a sodium zeolite as in the softening ‘tanks. Higher 
oxides of manganese (Mn© Mn,Q,) are carried on the 
surface of the zeolite grains.. These oxides give up 
oxygen to the iron compounds in the water, thus throw- 
ing the iron out of solution. It is then filtered out of 
the water--by. the bed of manganese zeolite sand. 
The zeolite acts simply as.a carrier of the manganese 
oxides and as a catalytic agent. The reaction may he 
expressed as: folows: : 

Na,Z + MnO:Mn.O, + 4 Fe(HCO,), = Na,Z + 
3MnO, + 2 Fe,O, + 8 CO, + 4H,O. 


The higher oxide of manganese is restored by passing 
a potassium permanganate solution through the bed. 


Free Carbon Dioxide 

Free CO, is reduced by adding a solution of caustic 
soda. This results in raising the pH from 7.2 to 8.0. 
The reaction is: 


Co, + NaOH = NaHCO, 


Except during the first few months, when adjust- 
ments of some of the many mechanical features were 
necessary, very little attention has been required from 
those responsible for the plant operation. 

The general design was by Claude E. Erickson, Con- 
sulting Engineer of Lansing, Michigan. The details of 
design of all equipment and the zeolite were furnished 
by the Permutit Company of New York City. Acknowl- 
edgment is due this company for the use of the illustra- 
tions accompanying this article. 














The Manganese Zeolite Units for Removing Iron or Manganese 
from the Non-Softened Water. 
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THAT A. W. W. A. MAY GO FORWARD 


A Statement* Just Released by the Chairman of the 
General Policy Committee of A. W. W. A. 


“General Policy Committee’ to study the past 
progress and means of future development of the 
organization. The committee consisted of Messrs. GG. 
H. Fenkell, R. L. Dobbin, G. W. Pracy, M. Pirnie, H. 
E. Jordan and F. A. Barbour (past presidents and pres- 
ident of the Association) and Mr. D. F. O’Brien (past 
president of the Water Works Manufacturers’ Asso- 
ciation). A preliminary report was made by the com- 
mittee at the Cincinnati conveniton and a formal report 
was made at the annual meeting of the board in New 
York City in January of 1936. 
Portions of that report were: 
“Your committee recommends to you the four follow- 
ing expressions of policy: 


Fy “sen in 1935, the Board of Directors of the 


“(1) As a means of stabilizing the influence of this 
Association in water works affairs, it should maintain a 
well planned membership expansion program. 

“(2) The Association should encourage the organ- 
ization of more sections within single state boundaries 
in order to capitalize the already existing unity of in- 
terest. 

“(3) It should establish definite and effective con- 
tact with other organizations interested in the improve- 
ment of municipal administrative practice. 

“(4) The Association should set up as a major and 
continuous program the improvement of status of all 
water works personnel. 

“To make these, as well as other correlative aims ef- 
fective, your committee has given much study to the 
present. administrative staff and its performance. It 
is aware of the virtue of the previous administrative 
reorganizations, for the purposes and at the times at 
which they occurred. It is fully appreciative of the 
quality of service rendered by the staff within the field 
which they have considered to be their proper scene of 
activity. 

“Your committee is fully convinced that for the future 
good and progress of the Association, a redefinition of 
administrative functions is imperative and that inci- 
dental thereto certain changes in personnel may be 
required. Emphasis needs to be made and activities 
undertaken both of which demand more active direction 
than our staff now receives. 


“The first and major redefinition of duties relates to 
those of the secretary. In addition to the constitutional 
and somewhat traditional duties of this office, an exten- 
sion is needed to the end that the secretary become the 
continuous active administrative head of the Association. 
Not only is it necessary that he be a resident of the 
headquarters city or its immediate environs, but also that 
he be in a position to give full time to the planning and 
execution of Association activities. He must be a per- 
son of demonstrated executive ability, capable of stim- 
ulating activity in the interest of the Association among 
all classes of members. He must be recognized as a 
leader by all classes of Association membership and 
capable of promoting the interests of the Association 


*This statement has been received just as this issue goes to 
press, and after the preparation of the comments made on the 
Editor’s page.—Ed. 


among manufacturing and municipal executives. To 
him should be added the duty of continuous and active 
direction of Water Works Practice committees, subject 
to the advice and counsel of the Chairman of the Com- 
mittee. He should be permitted to contact. the mem- 
bers of the Association in section and national meetings 
fully enough to enlist the services of the newly active 
members in worth while Association work. 

“Under him, as soon as reorganization could be made 
effective, should serve a Technical Assistant and a 
Membership and Finance Assistant. To one, in proper 
time, should be assigned the routine technical work in 
connection with water works practice and also the edi- 
torship of all the Association’s publications. To the 
other should be assigned the membership activities and 
the promotion of advertising income. 

“A General Secretary and two typists complete the 
resident office staff. The Technical Assistant would 
require certain additional part time service in relation 
to the Journal. 


“The salary budget for this staff should total not 
much over $26,000 per year, with the Secretary receiv- 
ing $10,000-$12,000 per annum for his work. 

“It is the judgment of your committee that, if the 
Association is to keep step with the needs and oppor- 
tunities of the field, such reorganization needs to be 
made effective as soon as it can be courteously and effec- 
tively arranged. Obviously the Association must rec- 
ognize the past services of its present Secretary by an 
emeritus designation and a reasonable annual hono- 
rarium. 


“When such changes are made, it will be possible for 
the Association to move definitely forward along lines of 
adding members, organizing additional sections and con- 
tacting other municipal organizations, all to the ultimate 
end of increasing the influence of this Association and 
giving greater stability and economic security to the men 
in the water works field.” 

The Board of Directors charged the General Policy 
Committee with the task of putting the recommended 
changes into effect. Much study was given to the de- 
tailed problems involved. It was fully recognized that 
Mr. B. C. Little had given the Association much good 
service as Secretary. That he was unwilling to take up 
his duties in the headquarters city made his continuance 
in the office impossible. The committee also felt that 
the Association needed a somewhat different type of 
administrator to meet its growng needs and agreed that 
Mr. Little should be made Emeritus Secretary as of 
May 1, 1936, with full Secretarial salary up to July 1 
and an emeritus honorarium thereafter of $2,500 per 
year. 

Mr. P. S. Wilson was made Acting Secretary on May 
Ist and Mr. A. V. Ruggles, who has been Technical As- 
sistant to the Secretary retired from duty. 

The appointment of a Secretary has not been made. 
The Editor of the Journal, Mr. Abel Wolman, will con- 
tinue his duties until the administrative changes are 
complete. Thereafter the Journal will be edited by the 
headquarters staff. 

Signed: HARRY E. JORDAN. 
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A QUICK METHOD OF MAKING 
WET TAPS 


By E. T. CRANCH 
Manager New Rochelle Water Co. 





T is assumed that all water 
works men are familiar with 
the ordinary hand operated 
machines for the making of wet- 
taps for branch connections. 
These machines have been on 
the market for many years and 
have certainly saved water works 
men many hours of labor. It 
has also eliminated the inconve- 
nience to the consumer of hav- 
ing to get along without water 
for several hours while a tee is 
being cut in the line and a valve 
installed on the branch line, as 
was the case in the past. 
The hand operated machine, while a great convenience 
was, however, tedious to operate. A six or eight inch 
tap would take two or three hours to cut and the larger 


E. T. Cranch 





Hand Operated Tapping Machine Equipped with Labor and 
Time Saving Air-Motor Drive. 
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taps much longer. It would also take not less than 
three men, working in relays, to operate the machine 
successfully. 


For plants which carry an air compressor unit in 
their equipment, there is now a means for making these 
taps quickly and easily. The old hand-type machine 
can be readily equipped with a bracket to permit the use 
of a compressed air motor and with a three-horse air 
motor an eight inch tap can be made in less than half 
an hour. With this arrangement it is also possible for 
one man to operate both the motor and the drill feed, 

The accompanying illustration shows this machine 
in operation. 

Equipping the machine with the motor-drive does not 
interfere with its continued use as a hand machine when- 
ever conditions warrant, or should compressed air not 
be available at some time. It is only necessary to un- 
screw four stud bolts and remove the motor bracket, 
The machine is then ready for hand operation as before, 

With the use of the air operated tapping machine we 
have recently made an 8-inch connection to a 12-inch 
main of class “B” pipe. In timing the whole operation 
it took just 90 minutes from the time the men started 
to place the sleeve on the pipe until the job was com- 
pleted and the machine removed. The actual drilling 
time was, in this case, only 11 minutes. 

The accompanying illustration is a picture made on 
an earlier job. The tapping machine which is not new, 
was purchased some years ago from the A. P. Smith 
Mfg. Co. The compressed-air motor was supplied by 
Ingersoll-Rand Co. 

A 


Association Meetings Scheduled: 
May 27—WawnaguE, N. J. (Reservoir). 


New Jersey Section, A. W. W. A. 
Glen Ridge, N. J. 


Secy., P. S. Wilson, 





June 8-12—Los Ancetes, CAuir. (Hotel Biltmore). 
American Water Works Association (Annual Con- 
vention). Acting Secy., P. S. Wilson, 29 West 39th 
Street, New York, N. Y. 

(California Section, A. W. W.A., will hold its Annual 
Business Session during the Convention on June 
10th.) 











June 11-13—i_o Beacu Crus, N. Y. (Near Long Beach, L.1.). 
New York State Sewage Works Association (Spring Meet- 
ing). Secy.-Treas., A. S. Bedell, State Department Health, 
Albany, N. Y. 

June 22-26—Srtate Coiiece, Pa. (Penna. State College). 
Pennsylvania Water Operators Association (June 22-24). 
Secy.-Treas., I. M. Glace, 20 So. 22nd Street, Harrisburg, 
Pa. 

Pennsylvania Sewage Works Association (June 24-26). 
Secy., L. D. Matter, State Department Health, Wilkes- 
Barre, Pa. 

Jury 20-24—Stittwater, OKLA. (Okla. State College). 
Oklahoma Water and Sewage Conference (Annual Con- 
ference). Secy.-Treas., H. J. Darcy, State Sanitary Engi- 
neer, Oklahoma City, Okla. (Conference held in conjunc- 
tion with Water Works Short School.) 

AvuG. 19-21—CLEvELAND, Onto (Hotel Cleveland). 

Central States Section, A.W. W.A. Secy.-Treas., H. Floyd 
Nelson, U. S. Pipe and Foundry Co., 2437 Koppers Bldg.. 
Pittsburgh, Pa. 

Serr. 22-25—New York, N. Y. (Hotel Pennsylvania). 

New England Water Works Association (Annual Con- 
vention). Secy., Frank J. Gifford, Room 613, Statler Build- 
ing, Boston, Mass. 

Oct. 12-15—Fort Smitu, Ark. (Hotel Goldman). 

Southwest Section, A. W. W. A. (Annual Convention). 
Secy., Lewis A. Quigley, Supt., Water Works, Fort Worth, 
Tex. 
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Let's Know the Facts 


T the recent meeting of the Four States Section of 

A. W. W. A. a resolution was passed which has 
been widely circulated and publicized. It denounces 
the Genera! Policy Committee of the Association for a 
single action taken in an authorized program looking 
toward the strengthening of the activities of the associa- 
tion and a reorganization of the duties and personnel of 
the headquarters staff. To be specific, its preamble 
objected to the “radical and drastic’ action in retiring 
Secretary Beekman C. Little to the position of Secre- 
tary Emeritus. The resolution states: 

“That, this Four States Section at its annual meeting 
at Baltimore, Md., April 23-24, 1936, hereby goes on 
record as being opposed to this or any action which 
will deprive this Section of the valuable services and 
untiring efforts of the present Secretary.” 

The above came about, to all appearances at least, as 
a consequence of Mr. Little’s appearance before the 
Section on the previous day when he made public the 
actions taken by the General Policy Committee, including 
the notification from the president of A. W. W. A., 
terminating his duties as Executive Secretary on May 
Ist, and also the replacement of Mr. A. V. Ruggles, 
Technical Assistant to the Secretary. Mr. Little termed 
the notification to him as having been “most unex- 
pected,” in view of the fact that the Board of Directors 
in authorizing the General Policy Committee to make 
needed changes, had specifically stipulated that the Sec- 
retary should be continued in some capacity, and with 
compensation. In the actions taken, and those to be 
taken, Mr. Little commented that these contradicted the 
avowed policy of the Association in advocating tenure 
of office where faithful service had been rendered. He 
questioned the financial soundness of the proposal to 
increase headquarters’ office expenses, and its effect on 
the Water Works Manufacturers’ Association which 
would be expected to increase its contributions in all 
probability. 

Closely on the heels of the circulated Baltimore reso- 
lution, came from the Executive Committee of another 
Section a similar disapproval addressed to President 
Barbour, and to other officials of the Association and 
its Sections. Then, came one from the New Jersey Sec- 
tion approving of the action taken by the General Policy 
Committee, but suggesting that in the future matters of 
such nature be given more publicity in order that the 
general membership of the Association become more 
effectively informed of such contemplated changes. 
Further, that matters of such import be presented to 
members of the Board of Directors at one meeting for 
decisive action at the succeeding meeting. (It is well to 
explain, in this connection, that 27 of the 28 directors 
were present when the Policy Committee, composed of 
outstanding members, was given unanimous authoriza- 
tion to proceed with the reorganization as there out- 
lined. The report, with recommendations, was read 
three times to the directors; and discussed each time at 
some length between readings. Only then, was the reso- 
lution passed. During all of this process full minutes 
were being stenotyped and no discussion or action by 
the Board transpired in the absence of Secretary Little, 
or without hearing him. On this score the “most unex- 
pected” action, as expressed by Mr. Little in his Balti- 
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more speech, is difficult to understand; or, else, errone- 
ous statements of his remarks have been recorded by re- 
porters.) Following the Jersey Section resolution, the 
“shooting” died down and later resolutions have upheld 
the General Policy Committee in its action, an outcome 
based on reviews of the committee recommendations 
and records of action taken by the Board and subse- 
quently by the committee. 

It is difficult to criticize the well meaning members 
and officers of the Four States Section or the Trustees 
of the un-named Section for having given vent to their 
feelings in behalf of the gracious and lovable Secretary 
Emeritus of the Association. Criticism seems deserved, 
however, when it is realized that action was taken with- 
out the voting members having before them an accurate 
and full record of the history of, and actions in, the 
case. The un-named dissenting Section remains so be- 
cause the Director representing the Section (likewise 
its Secretary) was the single absentee during the meeting 
of the Board at which authorization to act was given 
the Policy Committee. 


Publicization of the action of the General Policy Com- 
mittee by mails, magazines and through other channels 
has resulted in considerable current criticism and accusa- 
tion against the committee, for its actions and motives, 
which have no justification. It is with some feeling, 
therefore, that WATER Works AND SEWERAGE is devot- 
ing this page to a review of the matter and, it is hoped 
may serve in correcting possible false impressions cir- 
culated intentionally or otherwise. One can hardly 
conceive of the General Policy Committee (consisting 
of five immediate past-presidents, the president and pres- 
ident-elect of A. W. W. A., and Dennis O’Brien, that 
venerable past-president of the W. W. Mfgrs. Assn.) 
as having other than the highest interests of the Asso- 
ciation at heart in its recommendations and actions 
taken. This group surely must more perfectly than 
any other know the needs of the Association and the 
defects in the administrative organization. They have 
viewed the problems broadly and have taken actions 
which personally each member regrets the necessity of. 
They have been, with it all, fairly generous with the 
Secretary Emeritus, in establishing an annual salary. of 
$2,500 to be paid him without limitations. That it has 
not shelved Mr. Little, is evidenced by the letter of 
notification to him stating that the committee’s hope is 
that he will continue to take an active part in the future 
work of the Association. In it all, he has not lost any 
of the affection or admiration of a single official or 
members of the Association. By such action, his value 
to the Association (past and present) is acknowledged. 

In view of the need for closer supervision and ex- 
pansion of the activities of the administrative organiza- 
tion by a resident director, and Mr. Little’s wish not to 
move to the headquarters city, the necessity of the action 
taken is apparent. It behooves the loyal members, gen- 
uinely interested in “What's Ahead for A. W. W. A.” 
and the betterment to the official and social status of its 
individual members, to give support to the General Pol- 
icy Committee and to the Directors in their acts which 
have been taken while looking to the fundamental inter- 
ests of the Association. There is much of possible im- 
provement that’s ahead for A. W. W. A., and if cour- 
teous reorganization is needed to aiiain it there can be 
no dodging the issue. 
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Waste Disposal Engineering 


ee THE most complete story yet written on the pos- 
sibilities of disposing of municipal garbage, by way 
of dumping it into trunk sewers, appears in this issue. 
Reference is made to the article which comes from two 
engineers of long experience in sewage treatment— 
C. K. Calvert, Supt. of Sewage and Garbage Disposa! 
at Indianapolis, Ind., and S. L. Tolman, formerly Engr. 
in Charge of Chicago’s largest sewage treatment plant, 
and now head of the Sanitary Division of an important 
equipment manufacturer. These authors report on the 
“Effect of Garbage on Sewage Treatment” while, dur- 
ing a period of months, the entire garbage of Indianap- 
olis was being ground (shredded), dumped into the 
sewage and handled at the treatment works as just so 
much added sewage loading. 

Interesting, is the fact that the garbage gave little or 
no troubles at the treatment plant provided it was ef- 
fectively comminuted by maceration, during the dump- 
ing procedure, to essentially preclude its dropping out 
in the grit-chambers or floating in settling units. More 
interesting, are the findings at Indianapolis in respect to 
the failure of such increased loadings in the form of 
greases and acid producing carbohydrates (oxygen con- 
sumed value) to upset the activated sludge process or 
the parallel flocculating bio-aeration process. The last 
consists of air blowing without return of sludge, and 
has been found economically and technically more ex- 
pedient when weighing the overall accomplishments by 
the Indianapolis plant—the result of a comparison of 
the two: methods. 

Remarkable, is the revelation that so little effect was 
noted on the important qualities of the plant effluent 
during the periods of heaviest garbage loadings on the 
plant. With it all, the air requirements seemed to be 
less, if anything, during the garbage grinding period, 
when the sewage (without garbage added) was essen- 
tially of like quantity and quality as that of the pre- 
vious season, the same being also said for operating con- 
ditions. With an excellent opportunity to compare the 
cost of transport by water carriage to the plant and 
disposal of garbage by the sewage treatment method, 
with established costs of trucking and disposal by the 
partially self-supporting reduction method as employed 
at Indianapolis, the marked economy of the sewage 
treatment method is a revelation which commands the 
attention of sanitary engineers and municipal authorities. 


Under the circumstances at Indianapolis, where sludge 
digestion takes place in open lagoons, opportunity to de- 
termine the effects on plant scale tank digestion and gas 
production were lost but sma!l scale observations, here 
as elsewhere, indicated a more rapid digestion of the 
sewage solids containing garbage than of the sewage 
solids alone. More gas was produced and herein is an 
additional important economic consideration. 

The only known large scale effect on gas production 
and utilization by disposing of garbage through sewers 
was that observed simultaneously at Durham, N. C., 
during the summer of 1935, when grinding and water- 
carriage of a portion of the city’s garbage to the new 
activated sludge plant produced a sufficient surplus of 
digester gas to supply electric power (gas-engine pro- 
duced) over and above that required to operate the 
treatment works. Here, in consequence, something 
novel in American sewage works operation was made 
possible. Electric power was, at certain hours of the 
day, put out of the sewage treatment power station over 
the municipal wires to the city owned (hydro) power 
plant. So effective were the results that Durham is pro- 
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ceeding with a program involving permanent use of this 
method of garbage disposal to the maximum economic 
and technical efficiency which the extension of the pro- 
gram indicates to be permissible. 

The chief requirements of this method of disposal of 
garbage seems to be an effective household separation 
of rubbish from the garbage and thereafter municipal 
separation of non-grindables and comminution of the 
garbage entering the sewers. In addition, a watchfy| 
control of input of solids to the digesters and possibly 
some minor adjustment of reaction (pH), or else an 
intermittent “resting” of digesters, may be required, 
With stage digestion and other modern methods, the In- 
dianapolis results point, possibly, to a moderately jn- 
creased digester capacity requirement—many times more 
than offset, however, by the value of the increased gas 
production where it can be utilized as fuel or iv power 
production. Then, too, incineration of sludges from 
economical short-stage digestion tanks become more in- 
viting than ever before, because of the added B.t.u, 
values in the gas and sludge which are garbage con- 
tributed in the form of greases, high volatile and car- 
bonaceous matters. . 

The possibilities of chemical precipitation processes as 
applied to the garbage-sewage disposal scheme have not 
been investigated but where intermediate treatment of 
the combination may be all that is requisite the method 
is worthy of attention. Modern incinerators, capable 
of efficient and economical destruction of chemically pre- 
cipitated sewage sludges, should be even more so in con- 
nection with such sludges—which are enriched with the 
highly carbonaceous garbage solids. The chief obstacle 
to economical garbage and sludge incineration have been 
the high non-drainable water content but with modern 
mechanical dewatering processes applicable to sewage 
sludges and precipitated comminuted garbage, or indus- 
trial waste sludges, the water evaporation bugaboo of 
incineration practice is no longer the formidable or 
costly problem that it has heretofore been considered. 

With the progress made in uncovering the secrets, 
and dispelling the fears of many sewerage authorities, 
concerning the effects of garbage on sewage and sewage 
treatment practices, it seems that sanitarians very prob- 
ably have in their hands the key which will open an im- 
portant door to the economic aspects of wastes dis- 
posal. If the sanitarian finds it practicable to place sew- 
age treatment on a self-supporting basis (possibly a 
profitable basis) by taking into the sewerage system the 
now costly disposed of garbage and industrial refuse of 
the city, his value will become so well recognized by au- 
thorities as to command remuneration and esteem which 
has long been deserving but only with difficulty, if at all, 
attained. 

Water departments sometimes operate at a loss, but 
the water works produces something of value and there- 
by receives a degree of recognition. On the other hand, 
sewerage departments are notoriously non-productive in 
the sense of being profitable or even self-supporting. 
Little, if any, of the cost of sewerage operation is re- 
turned to the municipality and therefore the expense of 
operation is taken as an unavoidable drain and usually 
done to satisfy health authorities. Quite a different status 
would be accorded an efficient “Department of Wastes 
Disposal” which could satisfactorily dispose of sewage, 
garbage and rubbish in a single plant without duplica- 
tion of operating personnel or managemnt, and overt- 
head—with a possible material reduction of net costs, in 
line with those proven at Indianapolis and Durham. 


L. H. ENs.Low. 













Engineers... 



















Water Works Superintendents... 


IF YOU ARE LOOKING FOR SOMETHING NEW 
THIS ILLUSTRATION HAS CAUGHT YOUR EYE 
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Enclosed Gravity Automatic Wash Multiple Unit Filtration Plant. 


UNCONVENTIONAL IN DESIGN PERHAPS! 
BUT IT DOES FILTER WATER AND KEEPS ON KEEPING ON 


Note the absence of external wash water piping. Extra high velocity wash 
and controlled sand expansion is obtained, without any external wash water 
circuit. Wash gutters are eliminated and the improved collector top with sec- 
ondary sand expansion definitely eliminates mud balls and lowers wash 


water consumption. 


THERE IS MORE IN IT THAN MEETS THE EYE. CABLE 
OR WRITE US FOR FURTHER INFORMATION. 


FILTRATION & WATER SOFTENING PTY. LTD. 
395 COLLINS STREET, MELBOURNE, C. L. VIC. AUSTRALIA 


Cable Address: “FILTRATION, MELBOURNE, AUSTRALIA”. 
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EQUIPMENT NEWS 


AND LITERATURE REVIEW 


Phipps & Bird Laboratory Mixer 

Phipps and Bird, Inc., of Richmond, 
Va., manufacturers of a comptete line of 
laboratory equipment and chemical solu- 
tion feeders, have announced a new and 
improved Laboratory Mixer and F‘occu- 
lator for control of water coagulation and 
chemical precipitation of sewages and 
wastes. 

Designed in co-operation with practical 
operators, features of the new flocculator 
include positive speed variations between 
15 and 110 R.P.M of the stirring paddles, 
any one of which may be lifted clear of 
the sample for its removal or inspec- 
tion. For this purpose lift-knobs are pro- 
vided. Motor driven through rheostat 
control of the “Universal’ type speed re- 
duction unit, the positive chain-drive em- 
ployed prevents speed fluctuations and min- 
imizes friction. The useful tachometer 
(at right) reveals paddle speeds in R.P.M. 
d.rect. 

The Phipps & Bird Mixer-Flocculator 
can be had in 3 to 6 unit sizes—each pad- 
dle being a unit. All sizes are built to the 
standard 9 in. width and 12 in. height. 
The 4 unit mixer is 34 inches long and 





P,. & B. Laboratory Mixer 


the 6 unit is 46 inches. The base of neatly 
welded channel-iron gives rigidity and sta- 
bility. The metal frame and covers are 
aluminum enameled. The paddles are of 
20 B. & S. gage stainless steel (3x1 in.) 
and the shafts are of the same corros:on 
resistant metal. 

The P. & B. Flocculator was designed 
“by an operator for operators.” For fur- 
ther details address—Phipps and Bird, Inc., 
915 E. Cary St., Richmond, Va. 


v 
Skinner Split Coupling Clamp 

A useful three-purpose split coupling 
clamp has been brought out by M. B. 
Skinner Co., South Bend, Ind., for use in 
repairing “clean breaks” in cast iron pipe 
or stopping leaks. 

This clamp, called the Skinner Split 
Coupling Clamp, repairs breaks perma- 
nently, and only requires a few moments’ 
time on the part of one man to apply it. 
It not only stops the leak, but provides an 
element of flexibility at that point in. the 
main which prevents future breaks in the 
near vicinity. It is made of malleable 
iron with cadmium plated steel bolts. The 


large heavy pressure gasket is sealed with 
a Monel metal sheath band which resists 
corrosion. 

For illustrated literature, address M. B. 





Skinner Split Coupling Clamp 


Skinner Co., South Bend, Ind., who for 
38 years have been producing pipe repair 
clamps and saddles. 


Vv 
Simplex Pipe Pusher-Puller 

Templeton, Kenly & Company, manu- 
facturers of a variety of Simplex-Jacks, 
since 1899, offer a special Pipe-Pushing 
Jack which can be used for installing water 
or sewer service lines 
by pushing through ircn 
or steel pipe as large as 
4 inch diameter. As a 
“puller” it is especially 
useful in replacing old 
services with new flex- 
ible copper-tubing, now 
much in demand. The 
net result is less digging 
and labor, the minimiz- 
ing of lawn damage and 
pavement repair, less 
traffic obstruction; and, 
less cost for the job. 

Features of the Sim- 
plex Pipe Pusher: Operated by one to four 
men (twin jack principle), only three piece 
construction, tapered positive grip-jaws 
that are easily replaceable, fits in a hole 
32x50 inches, has carriage travel of 27 
inches at a single gripping. 

For illustrated bulletin, address Temple- 
ton, Kenly & Co., 1020 S. Central Ave., 
Chicago, Ill., or Graybar Building, New 
York City. 
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Improved Trench Brace 

An improved “Anchor” Steel Trench 
Brace has been announced by the Edel- 
blute Manufacturing Company of Rey- 
noldsville, Pa. 

The old-style trench brace, being some- 
what “weak-kneed” in respect to the pipe 
section, which was the first part to fail or 
bend badly, has been improved by adapta- 
tion of a new tubing of spec.al carbon 
steel which is practically double the stiff- 
ness of pipe previously employed. The 
screw-bar is of special Bessemer thread- 
ing steel and the brace-fittings are of 
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Steel Trench Brace 


heavier certified malleable iron. The lever. 
nut, made more sturdy, provides quick ad- 
justment and a three way lever nut is 
provided for work in close quarters, 

An illustrated leaflet showing styles, 
sizes and specifications can be had by ad- 
dressing Edelblute Manufacturing (Co, 
Reynoldsville, Pa. 
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Renson Chlorine Filter 

Renson Engineering, Inc., of New York 
City, announce a new device for remoy- 
ing gummy substances from chlorine gas, 
Although there may be only 1/100th per 
cent of impurities in liquid chlorine this 
is often sufficient to create obstruction of 
needle valves and small orifices of chlor- 
inating equipment, or to coat the inside 
of glass equipment. To preclude this 
nuisance producing feature of chlorination 
and eliminate the frequent cleaning of 
chlorinating equipment, the Renson Puri- 
fier and Filter is offered. 

The Renson Chlorine Gas Filter is 
claimed by its producer, having had 20 
years’ experience with chlorine problems, 
to effectively remove all troublesome im- 
purities known to ex’st in liquid chlorine. 
One cartridge will, they claim, serve to 
purify 3 tons of chlorine containing the 
average impurities. The economy expect- 
ed lies in reduced equipment maintenance 
expense. For more exact details, includ- 
ing guarantees and pr:ces, address—Ren- 
son Engineering, Inc. (Dept. CHL), 4842 
Grand Central Terminal, New York City. 
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HOW THE DRESSER JOINT WORKS 
wha lt mean 6} ‘Gaeuiiy 


How the Dresser Joint Works. Standard, factory-built parts 




























(see illustration) are simply assembled on the job over plain 
pipe-ends. As the bolts are tightened, two resilient gaskets are 
compressed around the pipe with a powerful packing force, 
assuring an absolutely tight seal under all conditions. This 
proved packing principle—a Dresser advantage for nearly fifty 
years—allows the pipe to deflect, expand, contract, or vibrate 


.. without leakage, or harm to the pipe or joint. 


What This Means to You. Your piping problems are simpli- 


fied. Only one tool—a wrench—is needed; ordinary labor is 








used. Chances of human error are completely eliminated. Most 





important—you save on joint-installation and -operating costs! 





Dresser Couplings are available for all 


kinds and sizes of pipe, from 3” to the 


largest diameter made. Write for descrip- D /@ 3 a — oe cad | @ 4 
tive Folder No. 355. ‘ 


$. R. DRESSER MFG. CO., BRADFORD, PA. COUPLINGS 


In Canada: Dresser Mfg. Company, Ltd. 
32 Front St., W., Toronto, Ont. 
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Alvord, Burdick & 


Howson 

Engineers 

John W. Alvord, Charles B. 
Burdick, Louis R. Howson, 
Donald H. Maxwell. 

Water Works, Water Purifi- 
cation, Flood Relief, Sewer- 
age, Sewage Disposal, Drain- 
age, Appraisals, Power Gen- 
eration. 

Civic Opera Building, Chi- 
cago. 


















Chester, Campbell, Davis 


& Bankson 
The Chester Engineers 

Water Supply and Purifica- 
tion, Sewerage and Sewage 
Treatment, Power Develop- 
ment and ee Valu- 
ations and Ra 

717 Liberty 7 - «Pittsburgh, 
Pa, 








Black & Veatch 


Consulting Engineers 
Sewerage, Sewage Disposal, 
Water Supply, Water Puri- 


fication, Electric Lighting, 
Power Plants, Valuations, 
Special Investigations, Re- 


ports and Laboratory. 

E. B. Black, N. T. Veatch, 
Jr. 

Mutual Bidg., 

Kansas City, Mo. 








Burns & McDonnell 


Engineering Co. 
McDonnell-Smith-Baldwin- 
Lambert-Timanus 
Consulting Engineers 
Waterworks Sewerage 
Lighting Appraisals 
Rate Investigations. 

Kansas City, Mo., 107 W. 
Linwood Blvd. 

Albany, New York 

11 No. Pearl St. 

Cincinnati, O. 
Transportation Bldg. 


Chicago Testing Labora- 


tory, Inc. 
and affiliated 
Chicago Paving Laboratory, 
Inc. 
Consulting and Inspecting 
Engineers 
Hugh W. Skidmore 
Gene Abson 
Materials, Processes, Struc- 
tures, Consultation, Inspec- 
tion, Testing, Design, Re- 
search, Investigation and 
Experts in Litigation. 
536 Lake Shore Drive, 
Chicago. 





Nicholas S. Hill, Jr. 


Consulting Engineer 
Water Supply, Sewage Dis- 


posal, Hydraulic Develop- 
ments, Reports, Investiga- 
tions, Valuations, Rates, 


Design, Construction, Opera- 
tion, Management, Chemical 
and Biological Laboratories. 
112 East 19th St., New York. 


Potter, Alexander, C. E, 





Hydraulic Engineer and 
Sanitary Expert 
Sewerage and Sewage Dis- 





posal, Water Supply and 

Purification. 

50 Church St., New York. 
Sheppard T. Powell 

Chemical Engineer 





Morris Knowles, Inc. 
Engineers 
Water Supply and Purifica- 
tion, Sewerage and Sewage 
Disposal, Valuations, Labo- 
ratory, City Planning. 
Pittsburgh, Pa. 


Treatment of Water for In- 
dustrial Uses. 

Trade Waste Investigations 
and Correction. 

Technical Expert in Litiga- 
tions. 

330 N. Charles St., 
Baltimore, Maryland. 





Whitman & Howard 











Fuller & McClintock 


Engineers 
F. G. Cunningham 
C. A. Emerson, Jr. 
Elmer G. Manahan 
Ernest W. Whitlock 
H. K. Gatley 
Sewage Treatment, Sewers, 
Waterworks, Purification, 
Drainage, Waste Disposal, 


Valuations. 
11 Park Place, New York 


Metcalf & Eddy 


Engineers 

Water, Sewage, Drainage, 
Refuse and Industrial Wastes 
Problems, Laboratory, Valu- 
ations. 

Statler Bldg., Boston. 








Malcolm Pirnie 

Engineer 

Water Supply, Treatment, 
Sewerage Reports, Plans, 
Estimates. 


Supervision and Operation. 
Valuation and Rates. 
aig 43rd St., New York, 


Harry W. Clark 

Associate Engineers 

(Est. 1869—Inc. 1924) 
Channing Howard 

Paul F. Howard 

Walter A. Janvrin 

C. Roger Pearson 

Water Supply, Water Puri- 
fication, Sewerage, Sewage 
Disposal, Water Front Im- 
provements and all Munici- 
pal and Industrial Develop- 
ment Problems, Investiga- 
tions, Reports, Designs, Su- 
pervision, Valuations. 

89 Broad St., Boston, Mass. 





P. S. Wilson 





Consultant in Sanitary and 
Hydraulic Engineering. 
Water Works Management. 
Glen Ridge, N. J. 


























POSITIONS WANTED 


This department has been started 
as a service to those 
Works and-Sewerage Fields. 
hope they will make use of it. 
notices are inserted without charge. 


in the Water 
We 
The 














CIVIL ENGINEER: 





1935 graduate of Cor- 








SALES ENGINEER, experienced with es- OPERATOR OF PUMPS, powered by elec- 
tablished office, Architects Zuilding, tric motor; “gas .engine or Diesel engine; nell University, degree of C. E. Desires 
Philadelphia, desires additional repre- also can take care of and.read water experience, salary or location immaterial. 
sentation mechanical line for sewage dis— meters. I am a~’married: man and can Age 22. Address R. W. M., % Water 
posal and equipment for swimming pools. give good references. Address R. A. M., Works and Sewerage, 155 East 44th St., 
References. J. W., % Water Works and Water Works & Sewerage, 400 W. Madi- New York City. 

Sewerage, 400 W. "Madison St., Chicago, son St., Chicago, IIl. 
ill. 

GRADUATE ENGINEER: Civil Engineer POSITION WANTED — As superintendent GRADUATE MECHANICAL ENGINEER: 
(B. S. Yale University 1933) wishes posi- filtration, chemist and bacteriologist, or Two degrees. Thirty-one years of age, 
tion with construction or engineering operator. chemist .-and+ bacteriologist, ‘of>-. Married. Seven years’ experience. in 
firm. Experience since 1927 includes con- small or medium. sized plant, by young Water works construction and manage- 
struction of steel frame buildings, high- may technically educated, industrious ment. Past two years as Supt. of Water 
ways, cost control work, geodetic surveys. and ambitious plant betterment. Works in a city of 70,000. References as 
Especially interested in work in sanitary Eleven years’ experience.. May I have to character and ability furnished upon 
field. Age 26, married. Address “E. V. T.. the opportunity « -of. communicating with < request.7 Available immediately. Address 
care WATER WORKS AND SEWERAGE you? Address.J. Z. C., % .Water -Works R. P.,’? Water Works and Sewerage, 155 


155 East 44th Street, 


New York City. 





Sl 


& Sewerage, 400 W. Madison St.; 


Chicago. 


East 44th Street, 


New York 





JTPERINTENDENT or Chief Operator in 


small or 
in large sized plant; 
in water works field, 
charge 
23 years’ 
tion, 
employed, 
furnish references. 


son St., Chicago, Ill. 


medium sized plant-or operator 
10 years’ experience 
in “active 
of small rapid sand ‘filter -plant; 
electrical experience in genera- 
distribution and maintenance. 
married, 43 years of age. 
Address L. 

Water Works & Sewerage, 400 W. 


last four 


uate “Sanitary 


Now ating position in water works or sewerage 

Can field; preferably in Southern states. Age 
i. Eee = married and now employed. Address terested 
Madi- U., gineering. 





SALES ENGINEER—Graduate Registered 
Professional Engineer, now employed, de- CHEMICAL AND SANITARY ENGINEER: 
sires regular sales position with manu- 30, married. M.I.T. graduate. Nine years’ 
facturing concern specializing in machin- local and foreign experience. Design, 
ery and equipment for construction of construction and operation of public and 
sewage disposal plants and kindred fields. industrial water purification plants. Iron sistant 
15 years in sales and sanitary experience removal. Waste disposal. Bacteriologist. 
in this work. Age 41; married; best of Good record, excellent references. Now 
references will go anywhere. Address employed. Location immaterial. Address 
H C., % Water Works & Sewerage, J. E. K., Water Works & Sewerage, 155 


155 Hast’ 44th St., 
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New York City. 


SANITARY- ENGINEER- CHEMIST: -Grad- 
Engingers. @i:-"S. degree) M. S. 
with eights yetrs “experience 
wotkstand ‘fsewerage operation; 
alysis of water and sewage. 


% WATER WORKS AND SEW- 
BRAGE. 155 East 44th St., N. Y. C. 


in ‘water 
and an- 
Wants oper- 


Madison 





East 44th St., N. 


SANITARY 
to be received in June from U. of 

Research 
possaveh (garbage and sludge digestion) 

r the past two years. 
ence in State Highway Office making cost 
computations on Federal Aid work. In- 
in any position in 


Illinois. 


ENGINEER. Age 25. Married. 


Assistant in sewage 


One year experi- 


sanitary en- 
H. 


Location immaterial. “F. 


W.,”’ Water Works & Sewerage, 400 W. 
St., Chicago, Ill. 





z..¢ son St., 


agement of 
Laboratory. 
Water Works & Sewerage, 400 W. Madi- 
Chicago, Il. 


SANITARY EN¢ {INEER—Will receive M.: 5. 
in Sanitary Engineering, June, 1936. 
gaged since March, 

in Sewage 

versity of Illinois. 


En- 
1934, as Research As- 
Treatment at Uni- 
Had responsible man- 
Sewage Testing Plant and 
Age 24, married. “B. J. 





















'| STRAIGHTLINE EQUIPMENT 


—for Positive Results and High Efficiency 





Primary settling tanks at Collingswood, N. J., equipped with Link-Belt Straightline collectors. High efficiency, 
long life, low maintenance and positive removal of sludge, make the Straightline collector the preferred unit for 
removing sludge from settling tanks. Send for Book No. 1542. 





The Link-Belt Straightline grit collector 
and washer was developed to collect the 
settled grit, and to wash it free from 
putrescible organic matter. This unit 
consists of a settling tank provided with 
a scraper-type collector; and an inclined 
washing and dewatering screw to which 


the collector conveys and discharges 

the grit at bottom of tank. For smaller 

installations the Link-Belt Tritor screen 
is the ideal machine. 


BAR 
SCREENS 


GRIT | 
CHAMBER | 


| 


EQUIPMENT = 


FINE SCREENS 


MIXING 


EQUIPMENT 
(Rotary and Air) 






Link - Belt Straightline mechanically 
cleaned bar screens have spaced par- 
allel bars on which the larger floating 
solids in incoming sewage collect, and 
a mechanically operated rake for re- 
moval of the accumulating solids, thus 
assuring an even flow of sewage through > 
the channel. The machine may be set 
vertically or inclined, and used in small 
or large plants. Send for Book No. 1587. 


SLUDGE COLLECTORS (For primary and final rectangular tanks) 
CIRCULINE COLLECTORS (For center-feed round tanks) 
VOLUMETRIC CONTROL for SEWAGE and SLUDGE PUMPS 


Send for catalogs. Address Link-Belt Company, Philadelphia, Chicago, Los Angeles or Toronto. 


LINK-BELT 
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CAN WE HELP 
You? 


On other pages in this issue you will find described 
new and improved equipment, etc., as well as reviews 
of recent trade literature received by us. By request- 
ing the literature described you will be able to keep 
your catalog file complete and up to date. 








To our readers desiring additional help or informa- 
tion we will be glad to assist you in securing more 
complete information or data on any equipment or 
product you need. Use the convenient blank below 
—no cost or obligation. 





WATER WORKS & SEWERAGE, 
155 East 44th Street, New York, N. Y. 


Gentlemen:—We are interested in the following items and would appreciate your assistance in securing 
more complete information. 


Se Pe eS AKO HERDSHC SOHC OSHSESSEHEOCHPO SABRE H SSCS SEC SESS CCH i@C8F8F SHSCHHKSHSHSHESHSEHOSHSSEHOTHKC SV SOCHCO OCHO HOH OC AEE 


Seo ee SSE R OP ESOS OSES CORES CCR AVC SHMS]7 CECE CECR SC £4} + $j S424 SHWeSCoe CC oC SESSCAETFSCEHCHOCEACCOCCEeKEAD EEE Oe 


$662 O OHS FT OHH SS OOO CESCOEOPHSCEHECS SHOVE RPE CCA ECHEESC EGE KO SSHMHSESSCEHK SSSA SEHAPOH STA SCCHO CCE HH VOC OE STENT 


CePA SES CSSSSESERPER OP SASSES SORE HHSERPESCEC OC SESE CESS - , CHORD HSG HESS SECHE DESH HKEROCEH ETEK. CHRD OHROHVD CTO OE Tee 


ae 668 662666) SSSR ESEESERSS SS SHEESH SSCESCCESOCSESCOCOCO OS jq_1 GBS E€4 CHO SCCHCHKC OTP OHS CC HR CTBHESCSO CVO CO Cee Hee TY CSE 


Sas be SE DSR SOS S06 6 6 O98 CSSD ES COO ORWER TSE SSE SSS =. 6 sd PHA HSS EHS + CSS O & OO 6 Oo 6 U's 6.8 SO 24 CC 2 e284 HSE EES OE 


b@ 6-6 6 @ S Oe 6 666 6 © ee € 60 OWS Oo CHRO CEST SC RSeE ASEH 6E 96 6 _ MBE HH CREM SESS GCOEHODOOCESCEE ETE DTH EO CH OO OE OEE 


SSSRESSCESCHREHSEROKEAE BREESE ER ESESSSEOHSETRSSCSOCHSESCCO OG 8 SCF SSS HSE SHOOT HOO HEHEHE SEO. C48 SO we COT CTF OES 


SER SCPEVC CRS SC OCC C SOCK SASHES SESOKATeAWIAC BRE ROKR Cee i =<—SHOHROSHSECOCHSTCASEME CE HEATED OFS © OOD CHO 6 6.9 08 © e+ ORE 


SHOP OSHH KSA SECEDE OS HPSEC RHEE HESS OCC OSE CED CDE tell CCS SHS HSEKHSHHMHSHSHSHEHKCOKRHHSROCHETC SOS DOO HS EE 
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THE 


METER - MASTER 


A Rate Recorder 
attachable to 
ANY water meter, 
single or compound. 
+ 
The record of the meter is not in- 
terrupted. No batteries. 
* 
Has saved its cost in less than 
two months in several cities. 
fe 


Hear what users have to 
say about it. 


It will pay you to investigate this inex- 
pensive, money- and trouble-saving instru- 
ment of many uses. 





Write for information. 


BRAINARD & HATCH 
246 Palm St. Hartford, Conn. 





















SERVICISED 


EXPANSION 
JOINTS 


for 
Sewage Plant 
Construction 


Remember, when you are plan- 
ning your new sewage plant, 
swimming pool or in fact any 
type of concrete structure, that 
the life of that structure depends 
on the joint filler you employ. 


SERVICISED EXPANSION JOINTS 
are made to exacting specifica- 
tions. Furnished in various types, 
Asphalt Plank such as Premoulded Asphalt, 
Expansion Joint Cork Rubber, Sponge Rubber, 
Waterproofings Plain Cork, and many other 

Asphalts types. They are made to pre- 
Fibre Plaster vent and control cracking of con- 
Sheet Asphalt crete, giving longer life to con- 
Waterprofing crete construction however or 

For Sewer wherever used. 

Tunnels Specify —SERVICISED Expansion 


Joints on your next concrete job. 


SERVICISED PRODUCTS CORP. 


605! WEST 65TH STREET CHICAGO, ILL. 
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dill 
PRESENTS 


The 
RODOTKOL 


The ROBOTROL is a robot filter or softener 


operator. It automatically controls and ac- 
curately times the entire series of operat- 
ing functions. 


The ROBOTROL is a needed development, 
in step with the modern trend which rec- 
ognizes that a frequently performed series 
of mechanical operations is accomplished 
most efficiently when each operation is ° 
automatically initiated and precisely timed. 


The ROBOTROL reduces operating attend- 
ance to the minimum. It backwashes, re- 
washes and returns a filter to service, or 
cuts it out of service— automatically, 
efficiently, silently and without supervision. 
The operator merely selects the desired pro- 
gram, depresses a push button, and goes 
about his other duties. 


The ROBOTROL push button circuits are 
inter-locked. None other than the right 
push button is operative at the right time. 
Yet, any function may be prolonged, 
whenever desired. 


Send for ROBOTROL Bulletin 1230 


INTERNATIONAL FILTER CO. 
59 E. Van Buren St., Chicago, Ill. 
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Your Property 
Is Worth Protecting 


Your plant may be worth millions, yet the cost 
of enclosing it with Pittsburgh Chain-Link 
Fence is a comparative trifle. Years after it has 
been erected, it will still be standing, still giv- 
ing faultless service. We will be glad to give 
you an estimate on fencing your property. 


PITTSBURGH STEEL CO. 


784 UNION TRUST BUILDING 
PITTSBURGH, PA. 
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_ Section of Railroad Tunnel 
= Under the East River, New 
being water- 


= York City, 


proofed with— 


Use Sika to stop the inflow of water through 
dams, walls of pump houses, man-holes, filter 
beds, Sika mixed with 
portland cement is easily applied by hand and 


sewage tunnels, etc. 
will successfully seal off infiltration from under- 


ground streams even under pressure. 


Write us about your problems. 


Sika, Inc. 


1943 Grand Central Terminal, New York City 
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Profitable DITCHING 






with Barber-Greene’s 


Barber-Greene's Superior features: the Vertical Bcom, Milling Action 
digging, Automatic Overload Release, Self-Cleaning Buckets and 
many others give profitable digging. They bring results like 7c a foot 
for a Washington Water Department (partly through hardpan) .. . 
5c a foot for a Texas Gas Company... Whe a foot for hundreds of 
miles of pipe-line trench. Send a card for ‘Ditching Snapshots and 
Records."" There is no obligation. 


Standardized Material 
Handling Machines 


RBER 
EENE 


660 West Park Ave., 
Aurora, Ill. 








36-15 





























ANTHRAFILT 
for Deeper Filter Beds 


Anthrafilt beds need not be deeper 
than sand beds but the lighter weight 
(55 against 100) permits a deeper bed, 
ensuring greater efficiency and longer 
runs. 

Since Anthrafilt does not require as 
much supporting gravel as sand, addi- 
tional bed depth can be secured by re- 
moving some of the gravel. 


Inquiries invited and samples fur- 


nished. 


‘THE HUDSONCOALCO. 


SCRANTON, PA. 


H. H. SHAVER 
Asst. Gen. Sales Agent 


G. B. FILLMORE 
General Sales Agent 























A. W. W. A. Booths 17-18 


; ill be in Booth I7 and 18 ready to 
aangere — discuss the latest Venturi develop- 
Lr a new Venturi Register-Indicator-Recorder; 
vent ment for metering and controlling nearby 
oa distant flows, elevated tank or reservoir levels, 
ant ate and valve positions; new designs for 
= = meters; and %Proportioneers% devices 
for accurately feeding chlorine or other chemicals 





in proportion to flow. 





Chronoflo Panel Board at Orinda Filter Plant, 
East Bay Municipal Utilities District, Oakland, 
California. Chronoflo Instruments shown: Record 
water level at East Portal of Claremont Tunnel; 
at West Portal of Claremont Tunnel; record and 
totalize filter effluent; and record and totalize 
wash water flow. 
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(Below) Three views of Brawley, 


five Venturi Direct-Acting Con- 















This pipe was purchased new in 
1917. It has been passed on by 
the Pittsburg Testing Laborato- 
ries and stands hydrostatic test. 
Complete with valves and fit- 
tings. Available in any quantity. 
Write for descriptive photo- 


graphs and copy. of Pittsburg $ 20 TON 
Laboratories preliminary inspec- 


tion report. 


64 NORTH SECOND STREET 


Save 4 on 5,000 Tons Cast Iron Pipe 


SONKEN-GALAMBA CORP. 


West or East "Builders" Means Up- 


to-the-Minute Water Works Metering 
and Controlling Equipment 


At Los Angeles, Water Works men from east, west, 
north, and south will rub shoulders, sharing with each 
other experiences in the furnishing of potable drink- 
ing water to America. 


From whatever state they come, they will have in 
common a knowledge of Venturi Metering and Con- 
trolling equipment which "Builders" has furnished to 
help them operate their plants more efficiently. 


Illustrations on this page show some installations of 
late developments of Builders equipment—installed 
(above) at East Bay, Orinda, California, and (at 
left) at Brawley, California. Among many other 
west coast installations in successful operation are— 
San Francisco, Portland, Seattle, Morris (Pine Can- 
yon) Dam, and a group of large penstock Venturi 
Meters installed by Southern California Edison. 


lf unable to attend the convention, write for in- 
formation. 


BUILDERS 
IRON FOUNDRY 


9 Codding St. Providence, R. I. 




























trollers and a Chronoflo Register- 
Indicator-Recorder are installed. 

















Standard |2-foot joints 
Weight, 4250 lbs. per -joint 
Amount, 5000 tons 


‘peenpeirinmnninlnsee ies earees 






Price * 
FOB Kansas City, Mo. 
Per 





Valves and Fittings Included Standard 12-foot joints 
Weight, 8000 Ibs.. per joint 


KANSAS CITY, KANSAS 
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36-INCH 
BELL & SPIGOT 
Class A 










48-INCH 
BELL & SPIGOT 


Class A 





Amount, 5000 tons 




















“More Than 4,500,000,000 
Gallons Per Day 
Pass Through 


SIMPLEX RATE CONTROLLERS” 


Simplicity of Design, Accuracy, De- 
pendability, Low Maintenance Cost, 
and Direct-Acting Features make 


SIMPLEX CONTROLLERS the selec- 
tion of Designing and Operating En- 


gineers all over the world. MORE SPARLI NGS GO ABROAD 


F SPARLING MAIN-LINE ME- 
YOU can better YOUR filter oper- TERS have just boos ilgpal te 
ation by their use. 


WILSON 


Hypochlorinator and Chemical Feeder 
Type MD, for Feeding Chiorine, 
Ammonia, Alkalis, Etc. 







A motor driven, constant rate 
pressure feeder supplied with or 
without solution tank and a} 





fittings to the water main. Ca- 
pacity 150-lbs. available chlorine 
per twenty-four hours. Guaran- 
teed accurate against pressures 
up to 150-lbs. Very useful as 
an auxiliary feeder in large 
water treatment plants. 






Manufactured by 


WILSON CHEMICAL FEEDERS, inc 
110 Washington Street 
Buffalo, N. Y. 















































installation in one plant in Italy. 


Uniform accuracy, ease of installation, 
low maintenance cost and moderate 
price appeal to water engineers—at 
home or abroad. 


Let SPARLING MAIN-LINE WATER 
MEASURING EQUIPMENT put 
YOUR water system on a sound busi- 
ness basis—at surprisingly low cost. 


A card will bring you complete data. 








Send for descriptive literature 


». SPA RLING 


LOS ANGELES CHICAGO NEW YORK 
945 N. Main St. 3104 S. Michigan Ave. 101 Park Ave. 


SIMPLEX VALVE & METER CO. 


6743 UPLAND STREET, PHILADELPHIA, PA. 

















ONLY GLASS STANDARDS 

Water Control Equipment are always ACCURATE 
Noted authorities and all leading firms of 

You will be interested in the complete line CHL ORINE dk wg. goa pt ye: 


offered by MUELLER. Write for catalogs able, glass standards and handy Hellige 


Comparators as they offer exclusive features 
of the equipment in which you are in- CONTROL and unequalled advantages. More than 500,- 


000 standards now in use. Approved and 


















terested. highly recommended. One apparatus for 
chlorine, pH control, and many other popular 
tests, 
MUELLER CO. . . Decatur, lil. Write today for detailed information. 
Factories: Decatur, Ill.; Chattanooga, Tenn.; Los Angeles, 





Calif.; Sarnia, Ont. 


Branches: New York and San Francisco 


HELLIGE Inc. 


3702 Northern Blvd., Long Island City, N.Y. 























FERRISUL—An excellent 
coagulant 

SANTOSITE—An efficient 
and economical reducing 
agent for removing dis- 


A dependable product solved oxygen 
in dependable equipment 
M y & 
cme! gamed Lhe micals 
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EAST LANSING, MICH. 


has five Permutit fully automatic Zeolite Water 
Softeners, and two Permutit Iron Removal Fil- 
ters. Only a portion of the installation is pictured. 
The entire plant softens 1,000,000 gallons of water 
per day. Permutit equipment was chosen because 
of the small space requirements, dependable un- 
interrupted service with a minimum of atten- 
dance, and the elimination of sludge disposal. For 
complete information about a Permutit installa- 
tion, write for our municipal water softening 
bulletins. The Permutit Company, 330 West 42nd 
Street, New York. World’s Largest Manufacturer 
of Water Conditioning Equipment. 


Permutit 








Dependable 
Always 


Joint your cast iron bell and spigot 
water mains with dependable self- 
caulking Hydro-Tite. 


Tight—strong and flexible. Used 
on thousands of miles of pipe. In 
service more than 22 years without 
a failure anywhere. 


Write for information or demonstration. 


5 DRO-TITE 


HYDRAULIC DEVELOPMENT CORPORATION 


Main Sales Office: 50 Church Street, New York, N. Y. 
General Offices and Works: West Medford Station, Boston, Mass 





Weise: aekeetnaieatile 
words—these can spell the solution to your 
water supply problem. if you will use them. 

They can place at your command the ad- 
vice and counsel of LAYNE Hydrological ex- 
perts—men backed by more than fifty years 
experience in design and construction of in- 
dustrial and municipal water supply systems. 

They can put at your service the biggest 
water de ion in the world 
They can set to work for you the same tad 
Layne Pumps and Wells that hav 
lished international records for 
and economy. 

So why not use them now. Your note, say- 
ing you would like to discuss your water 
supply problem with the nearest LAYNE rep- 
resentative, will put you in touch with him. 
There will be no obligation on your part. 
Address 


LAYNE & BOWLER, INC. 


General Offices: Dept. D Memphis. Tenn. 


LAYNESBOM 


_——_——. te gee 





ss 














"THE GREATEST LITTLE MACHINE | ever 
saw. | could not believe that it would grind 
so much sludge UNTIL | SAW IT WORK,” 
reports one user of the ROYER SLUDGE 
DISINTEGRATOR. Made in 4 sizes with either 


| electric or gasoline engine drive. 





A 
Royer 
Pays 
For 
Itself 





‘ROYER FOUNDRY & MACH. CO. 


158 PRINGLE ST. KINGSTON, PA. 
a C. G. WIGLEY, Manufacturer’s Agent 
3108 Atlantic Avenue Atlantic City, N. J. 
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A. W. W. A. BOOTHS 17 and 18 





in at 


Drop 


est 
Feeders. 





ce - tin No. SAN. 


% PROPORTIONEERS “% Inc. 
Associated with Builders Iron Foundry 
9 N. Codding Street 





our 
Booth and let us 
show you the lat- 


in Chlor-O- 


If not at the conven- | 
tion, write for Bulle- 


Providence, | R. I. 








EDSON’S NEW HAND PUMP 


Smallest Diaphram Pump Made. 2” Suction 
et Discharge. Capacity 1400 G.P.H. Weight 
8 


THE EDSON CORP’N, 49 “D” Street 


So. Boston, Mass. 


NEW YORK: 142 Ashland Pl., Brooklyn 
CHICAGO: 3500 N. Long Ave. 


Catalog “‘T”? Gives Full Data, Also Edson Hand and Power 
Pumos, Suction Hose and Pump Accessories 
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Chlorine and Ammonia 


Control Apparatus 


The Filelor Company 
59th Street & Woodland Avenue, 





Philadelphia, Pa. 


et 6g ~ 
Ae ~\ 
» 













O protect Water Works property from ¢res- 

passers is important. It is equally important 
that the water itself be guarded from pollution, 
Both are economically and unfailingly accom- 
plished by Stewart Fences. Send for catalog, 


m The Stewart Iron 
re Works Co., Inc. 
328 Stewart Block, 
Cincinnati, Ohio 
: (1886—Golden 
Anniversary—1936) 














Arrowhead Grating & Treads 


Engineers’ Handbook sent on request. 


ARROWHEAD IRON WORKS, Inc. 
431 W. Sth St., Kansas City, Mo. 








Use LAMOTTE EQUIPMENT /or 
pH Control—-Residual Chlorine Control 
Boiler Feed Water Control 


LAMOTTE CHEMICAL PRODUCTS CO. 
442 Light Street, Baltimore, Md. 











STREET, SEWER AND WATER CASTINGS 


a> Made of wear-resisting chilled iron in various 


styles, sizes and weights. 
Gray Iron and Semi-Steel Castings 





Write for Catalog and Prices 


SOUTH BEND FOUNDRY CO. 


SOUTH BEND, INDIANA 














OLLOWING this regular section of articles and 
advertisers, will be found 170 pages of inter- 
esting and valuable reference data on WATER- 
WORKS and SEWERAGE together with product 
specifications for 37 manufacturers. Don’t miss it. 
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are complete meter mountings, 
all copper and brass ... save 
ells, risers and couplings. Easily 
installed. Made in various 
heights. Write for catalog. 








QUALITY 
Se’ WABASH, INDIANA,U.S.A. 


“ANCHOR” IMPROVED 
STEEL TRENCH BRACES 


“ANCHOR” ADJUSTABLE TRENCH BRACE COMPLETE 
Stiffer 


Stronger +—¢- 
* ¢ 
Safer 


Heavier 
Ball and socket butt ends adjust themselves to all angles. Strongest 
and stiffest brace made. Instantly adjustable to trench width. The 
only brace using special, high carbon steel tubing nearly twice as 
strong as ordinary pipe. Timber braces also. Fittings furnished. 
All sizes. Send for bulletin. 


EDELBLUTE MANUFACTURING CO. 
340 Jackson Street Reynoldsville, Penna. 
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DROP FORGED STEEL 


Simplex TRENCH BRACES 


Made in Various Lengths in 114” and 2” 
Dia. Screw Sizes. With or Without Pipe. 





Ordinary Pipe 
4 Pitch Machine Cut Acme Thread 


Cost no more than common malleable braces. Stocked 
by leading supply houses. Catalog No. 235 briefly de- 
scribes Simplex Jacks. 

Manufactured Exclusively by 


TEMPLETON, KENLY & CO., CHICAGO, ILL. 























END SCORING Wgscuie 
Save shafts, save labor with Mabb’s Type Hydraulic 


Chicago Rawhide braided (Hydraulic) 


packing that never hardens —retains its i 

natural oil, never heats—is self lubricating Packing 
and contains no grit like hemp, flax, etc.; (MABB’S TYPE) 
is self-Alushing. Good to the last strand 
—just add more. None to 
pull out or throw away, 
hence more economical 
than the cheapest substi- 
tute packing material. 


Chicago Rawhide Mfg. Co. 


1283 Elston Avenue: 
Chicago, U.S.A. ¥ 






















~ Pressure : Sewer : Culvert : Subaqueous. 


DUK JOINT REINFORCED GONCRFIF PIPE 
LOCK JOINT PIPE CO. Est. 1905. Ampere, N. : 

















ROBERTS 
FILTER MANUFACTURING CO. 
607 Columbia Ave., Darby, Penna. 


Manufacturers of Pressure and Gravity Type 
Water Filters and Specialties for Water Puri- 
fication and Sewage Treatment Plants. 


We contract for complete installation of me- 
chanical and hydraulic equipment in all forms 
of Water Filtration Plants, Sewage Disposal 
Plants and Pumping Stations. 


Write us concerning your Sanitary Problems. 














for Water and Sewage Treatment 


1 to 100 Ibs. EVERSON 


of Chlorine Metered-Feed 
per day... CHLORINATORS 


Here at last is a reasonably 
$375.00 priced, accurate, chlorinator 

that anyone can _ operate 
and up safely. EVERSON Model 
G. Series Chlorinator offering for the first 
time: Any delivery from 1 to 100 lbs. of 
chlorine per 24 hours; Metered-feed; Inti- 
mate mixture of gas in water- sealed self- 
venting chamber; Protection against back- 
flobding by an automatic vacuum break, 
non-corrosion line and valves (Guaranteed 
against corrosion for 1 year) divided into 
standard replaceable units for safe, easy- 
cleaning and maintenance; Reliable equip- 
ment designed, manufactured and guaran- 
teed by “The Swimming Pool People,” 
specialists in water conditioning for two 
generations. 
Write for EVERSON FILTER CO. 
Bulletin “G” 633 W. Lake St., Chicago, U.S.A. 
























‘METHOD any 
WATER MAIN CLEANING 


NATIONAL WATER MAIN CLEANING CO. 
SO CHURCH ST. NEW YORK 
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A RECORD GAIN in ADVERTISING VOLUMEIE 
7S Gah 79> ; 


( Og ro cas. 
1933-110 PAGES | 

| 1934-175 PAGES 
1935-249 PAGES 


A Gain of 
: 126% 

(139 pages) 

COMPARE! 
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First 5 Issues of 1935 Carried 113 pages 
rac) First 5 Issues of 1936 Carried 168 pages cli 


Average gain of 11 pages per issue Over 1935 


The 17 issues, January 1935 to May 1936, have carried advertising for 118 dif- 
ferent manufacturers of Water Works and Sewerage materials and equipment. 
103 manufacturers are represented in this May issue. 


WATER WORKS & SEWERAGE 


400 West Madison Street, Chicago 155 East 44th Street, New York 

























FOREWORD 


GILLETTE PUBLISHING COMPANY presents herewith 
the Reference and Data Number of Warer Works AND 


SEWERAGE. 


This section has been prepared by Mr. L. H. Enslow, Editor 
of Water Works and Sewerage, and gives the equivalent of a 
432-page handbook of data on the design, construction, operation 


and maintenance of waterworks and sewerage. 


The contents are carefully selected matter from the files of 
Water Works and Sewerage and from other sources named in the 
text. In addition, scores of letters have been written to secure 
the latest hydraulic tables and standards and the most economical 
methods. In a word, the same conscientious work has been put 
into the writing of the section as would be expected in a book 


devoted exclusively to this purpose. 
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CLASSIFIED INDEX OF PRODUCTS 


Although this index is not published as a 
COMPLETE index of all materials and equip- 
ment used in the Water Works and Sewerage 
fields—it really is a very comprehensive list 
of products. It includes the products mar- 
keted for this field by 118 manufacturers 
who have used WATER WORKS AND 
SEWERAGE for their advertising messages 
during 1935 and 1936. Of these | 18 manu- 
facturers you will find the advertisements of 


103 in this issue. 














ABRASIVES 
Carborundum Co., Niagara Falls, 
. Y¥ 


Norton Co., Worcester, Mass. 


ACID, HYDROCHLORIC 
Merrimae Chemical Co., Boston, 
Mass. 
Penn. Salt Mfg. Co., Widener Bldg., 
Philadelphia, Pa. 


ACID, SULPHURIC 
Merrimac Chemical Co., Boston, 


Mass. 
Penn. Salt Mfg. Co., Widener Bldg., 
Philadelphia, Pa. 


ACTIVATED AND BLACK ALUM 
Activated Alum Corp., 80 Broad St., 
New York City. 
ACTIVATED CARBON 
Cliffs-Dow Chemical Co., Marquette, 
Mich. 
Industrial Chemical Sales Co., 230 
Park Ave., New York City. 
Intl. Filter Co., 59 E. Van Buren 
St., Chicago, Il. 
Permutit Co., 330 W. 42nd St., New 
York City, 


ACTIVATED SLUDGE PLANTS ? 
conten Co., Niagara Falls, 


Chicago Pump Co., 2349 Wolfram 
St., Chicago, Il. 

~— Co., 247 Park Ave., New York 
Jity. 

Jeffrey Mfg. Co., Columbus, Ohio. 





Link-Belt Co., 307 N. Michigan U. 8S. Pipe & Foundry Co., Burling- 
Ave., Chicago, Ill. ton, N. J. 

Simplex Valve & Meter Co., Phila-| ALUM, AMMONIA 
delphia, Pa. Merrimac Chemical Co., 


Mass. 
AERATION APPARATUS , Penn. Salt Mfg. Co., Widener Bldg., 
Carborundum Co., Niagara Falls, 
_ = 


Boston, 


Philadelphia, Pa. 
Chicago Pump Co., 2349 Wolfram | ALUM, FILTER, COMMERCIAL, 


St., Chicago, I1l. IRON FREE 
Dorr Co., 247 Park Ave., New Merrimac Chemical Co., Boston, 


York City. Mass. b 
Intl. Filter Co., 59 E. Van Buren Penn. Salt Mfg. Co., Widener Bldg., 
St., Chicago, Ill. Philadelphia, Pa. 


Son De > s) Oat bat y , 
Link-Belt Co., 2045 W. Hunting ALUMINUM SULFATE 


Park Ave., Philadelphia, Pa. = a 
Municipal Sanitary Service 155 E. —- Chemical Co., Boston, 
van ° Mass. 


44th St., N. ¥. C. : ; 
Permutit Co., 330 W. 42nd st.,| Penn. Mfg. Co.. Widener Bidg., 


a ae ae Philadelphia, Pa. 
Simplex Valve & Meter Co., 68th | awMonra 

and Upland, Philadelphia, Pa. Mathieson Alkali Works, 60 E. 
Vogt Mfg. Co., Louisville, Ky. 42nd St., New York City. 
Merrimae Chemical Co., Boston, 
ALLOY BODIED VALVES _ een 

Hills-McCanna Co., 2349 Nelson) penn. Salt Mfg. Co., Widener Bldg., 

St., Chicago, Ill. Philadelphia, Pa. 


ALLOY CAST IRON PIPE AMMONIA, ANHYDROUS & AQUA 


& FITTINGS Great Western  Electro-Chemical 
American Cast Iron Pipe Co., Bir- Co., 9 Main St., San Francisco, 
mingham, Ala. Calif. 


Mathieson Alkali Wks., Inc., 60 
E. 42nd St., New York City. 
Merrimac Chemical Co., Boston, 


Cast Iron Pipe Research Assn., 122 
S. Michigan Ave., Chicago, Ill. 
Crane Ce., 836 S. Michigan Ave., 

Chicago, Il. 
Lynchburg Foundry Co., Lynchburg, 





Mass. 
Penn. Salt Mfg. Co., Widener Bldg., 


Va. Philadelphia, Pa. 


AMMONIATORS 





Everson Mfg. Co., 627 W. Lake 
St., Chicago, Il. 

Proportioneers, Inc., 9 Codding St., 
Providence, R. I. 

Wallace & Tiernan Co., Inc., New 
ark, N. J. 

Wilson Chemical Feeders, Inc., Buf- 
falc, N, ¥. 


ANALYTICAL WARE 


Carborundum Co., Niagara Falls, 
I ¥ 


Eimer & Amend, 18th and 3rd Ave., 
New York City. 

Norton Co., Worcester, Mass. 

Phipps & Bird, 915 E. Cary St., 
Richmond, Va. 


ANTHRAFILT 


Hudson Coal Co., Scranton, Pa. 


ASBESTOS-CEMENT PIPE 


Eimer & Amend, 18th and 3rd Ave., 
New York City. 

Johns-Manville, 22 E. 40th St., 
New York City. 


ASH & COAL HANDLING 


MACHINERY 
Combustion Engrg. Co., 200 Madi- 
son Ave., New York City. 
Dracco Corp., Cleveland, Ohio. 
Fuller Co., Catasauqua, Pa. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 
Syntron Company, 400 No. Lexing- 
ton Ave., Pittsburgh, Pa. 








CLASSIFIED INDEX OF PRODUCTS 

















BRACES, TRENCH, EXCAVATION 







AUTOMATIC FILTER AND 


Templeton -Kenly 
SOFTENER CONTROLS ) 



















BREECHINGS, STEEL 


BACK FILLERS BUCKET LOADERS 


BAR SCREENS 
BUCKETS, DREDGING & 




















BUFFER ae & MIXTURES 


BELTS, SEWER PIPE CALCIUM HYPOCHLORITE 


Electro-( ‘hemical 


Chicago Bridge & Niagara Alkali Ga.. % 












CALKING MACHINES AND TOOLS 
BINS, STORAGE : 


CARBON-ACTIVATED 
: Activated Carbon.) 


CARBONATORS 


BLEACHING POWDER 
CASINGS & COVERINGS, 
STEAM PIPE 


. Wryekoff & Son 
“ae 


CASTINGS, IRON. STEEL, 


ay rd FEED PUMP cone. ALLOY STEEL, ETC. 


Cast Iron Pipe Research Ass 





































BOILER FEEDWATER 
ATM 











Lynchburg Foundry Co., 


Cast Iron Pipe Research Ass 


Ly nehburg Foundry 
BOILER FURNACE, BRICK 


CASTINGS, SPECIAL 


BOILER Baar, ~via ‘380 We dnd S 
. r. Cast Iron Pipe Co., 


BOILERS, GAS 


BOILERS, STEAM Lynchburg Foundry 


BOILER WATER — 
CATCH BASINS, CORRUGATED 
IRON 


Armco Culveit Mfrs. z 


CAUSTIC SODA 





BOXES, VALVES, ROADWAY, y. 
MITER Electro-Chemical Co.. 











Alkali Wks., 9 E, 41st 
York City. 

Co., Widener bldg., 
Pa, 


Niagara 
St., New 
Penn. Salt Mfg. 
Philadelphia, 


CEMENT 


Portland Cement Assn., 133 W. 
Grand Ave., Chicago, Ill. 


CENTRIFUGE EQUIPMENT 
Amer. Centrifugal Corp., 115 Broad- 
way, New York City. 


CHAINS, CONVEYOR 
Chain Belt Co., Milwaukee, Wis. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 2045 W. Hunting 
Park <Ave., Philadelphia, Pa. 


CHEMICAL CONVEYING 

EQUIPMENT 

Chain Belt Co., 

Dracco Corp., Cleveland, Ohio. 

Fuller Co., Catasauqua, Pa. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Link-Belt Co., 307 N. Michigan 
Ave., Chicago, Il. 

Syntron Co., 400 N. Lexington Ave., 
Pittsburgh, Pa. 


CHEMICAL FEEDING 
EQUIPMENT 


Milwaukee, Wis. 


Everson Mfg. Co., 627 W. Lake 
St., Chicago, Ill. 
Fuller Co., Catas: 1uqua, 
Intl. Filter Co., 59 E. 


St., Chicago, il. 


Pa. 
Van Buren 


Jeffrey Mfg. Co., Columbus, Ohio. 

Link-Belt Co., 2°45 W. Hunting 
Park Ave., Philadelphia, Pa. 

Omega Mach. Co., 602 Westport 
Ave., Kansas City, Mo. 

Permutit Co., 330 W. 42nd St., 
New York City. 

Phipps & Bird, Inc., 915 E. Cary 


St., Richmond, Va. 
Proportioneers, Inc., 9 Codding St., 
Providence, R. 
Roberts Filter Mfg. Co., Darby, Pa. 
Simplex Valve & Meter Co., 68th 
& Upland Sts., Philadelphia, Pa. 
Syntron Co., 400 N. Lexington Ave., 
Pittsburgh, Pa. 


Wallace & Tiernan, Inec., Newark, 
Wilson Chem. Feeders, 110 W. 
Washington St., Buffalo, N. Y. 


CHEMICAL PROPORTIONEERS 


International Filter Co., 59 E. Van 
Buren St., Chicago, ill. 
Lakeside Energ. Corp., 222 W. Ad- 


Chicago, Ill. 
330 W. 


ams St., 
Permutit Co., 
New York City. 
Proportioneers, Inc., 
Providence, R. 
Simplex Valve & Meter Co., 
delphia, Pa. 
Syntron Co., 400 N. 


42nd St., 
9 Codding St., 
Phila- 


Lexington Ave., 


Pittsburgh, Ta. 
Wilson Chem. Feeders, Ine., 110 
Washington St., Buffalo, N. Y. 
CHIMNEYS 
Chicago Bridge & Iron Wks., 2198 
Old Colony Bldg., Chicago, Il. 
Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 
CHLORIDE, FERRIC 
Electro Bleaching Gas Co., 9 E. 
41st St., New York City. 
Gt. Western Electro-Chemical Co., 
9 Main St., San Francisco, Calif. 
Innis-Speiden & Co., 117 Liberty 
St., New York City. 
Niagara Alkali Wks., 9 E. 41st St., 


New York City. 
Penn Salt Mfg. Co., 
Philadelphia, Pa. 
CHLORIDE OF LIME 
Electro Bleaching Gas Co., 9 E. 
fist St.. New York City. 


Widener Blidg., 


Innis-Speiden & Co., 117 Liberty 
St., New York City. 

Mathieson Alkali Wks., 60 E. 42nd 
St., New York City. 

Niagara Alkali Wks., 9 E. 41st St., 


New York City. 
Penn Salt Mfg. Co., 
Philadelphia, Pa. 


CHLORINATORS 


Widener Bldg., 


Everson Filter Co., 633 W. Lake 
St., Chicago, Ill. 

Filelor Co., 59th & Upland Sts., 
Philadelphia, Pa. 

Filtration & Water Softening Pty. 
Ltd., Melbourne, Australia. 

Intl. Filter Co., 59 E. Van Buren 


St., Chicago, Il. 


Lakeside Engr. Corp., 222 W. Ad- 
ams St., Chicago, Ill. 
Phipps & Bird, Ine., 915 E. Cary 


St., Richmond, Va. 
Proportioneers, Inc.. 9 Codding St., 
Providence, R. I. 


Wallace & Tiernan, Inc., Newark, 
N. J. 
Wilson Chem. Feeders, Inc., 110 


Washington St., Puffalo, N. Y 

| CHLORINE, LIQUID 

Belle Alkali Co., Charlestown, W. 
Va. 















Electro Bleaching 


Gas Co., 

—— St., New York City, 9 &, 
Gt. yestern Electro-Chemic “al 

9 Main St., San Francisco, Can 
Mathieson Alkali W ks., 60 Ef 42nd 
mS New York agg 

onsanto Chem. Co., Louis 
Niagara Alkali Co.,” 9 ‘ig “Hast 


, New York City. 
*enn. Salt Mfg. Co., Widene 
Philadelphia, Pa. — 
CHLORINE CONTROL E 
Hellige, Ine., 3702 Northes aee 
Long Island City, xn. 

La Motte Chem. 
timore, Md. 
Proportioneers, Inc., 

Providence, R. I. 
Rascher & Betzold, Ine., 
leans St., Chicago, Ill. 
Taylor & Co., 872 Linden 


Prod, Co. Bal- 
9 Codding 8t., 


829 Or- 


Ave., 


Baltimore, Md, 
Ww ew - & Tiernan Co., Inc., New- 
ark, } 
Wilson C hemic: al Feeders, Inc.. Byf. 
falo, z: ‘oe’ ven 
CHUTES, STEEL & COAL 
Chicago Bridge & Iron W ks., 2198 


Old Colony Bldg.. 
Pittsburgh-Des 
Pittsburgh, 


Chicago, Tl, 
Moines Steel Co, 
Pa. 5 


CLAMPS AND SLEEVES 


Amer. Cast Iron Pipe Co., sirming- 
ham, Ala, 

S. R. Dresser Mfg. Co., Bradford 
Pa. , 


as sa dag AND ate 
- R. Dresser Mfg. Co., Bradford, 
>a. 


ee er oe Taaes 
AND 
Chain Bele se — ee Wis. 
— - 0., 247 Park Ave., New York 


Intl. Filter Co., 59 E. 
St., Chicago, Ill. 
Jeffrey Mfg. Co., 
Link-Belt Co., 
Park Ave., 


CLOROBEN 
Cloroben 
Jersey 


COAGULATING EQUIPMENT 
Dorr Co., 247 Park Ave., New York 


Van Buren 


Columbus, Ohio, 
2045 W. Hunting 
Philadelphia, Pa. 


Corp., 90 
City, N. J 


Forrest Ave., 


City. 
Intl. Filter Co., 59 E. 
St., Chicago, II. 
Link-Belt Co., 307 N. 
Ave., Chicago, Ill. 
Permutit Co., 330 W. 
New York City. 


COAL ANTHRAFILT 


Hudson Coal Co., Scrantcn, Pa. 


COATINGS, ACID & ALKALI-PROOF 
FOR CONCRETE, STEEL 
AND WOOD 

Inertol Co., Ine., 
New York City. 


COCKS, CURB, METER, COR- 
PORATION, ETC. 


Van Buren 
Michigan 


42nd St., 


401 Broadway, 


Crane Co., 836 S. Michigan Ave., 
Chicago, Il. 
Ford Meter Box Co., Wabash, Ind. 


Mueller Co., Decatur, IIL. 
Pittsburgh Equitable Meter Co., 400 
Lexington Ave., Pittsburgh, Pa. 


COLLECTORS 

Blaw-Knox Co., Pittsburgh, Pa. 

Dorr Co., 247 Park Ave., New York 
City. 

Draceco Corp., Cleveland, Obio. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Link-Belt Co., 307 N. Michigan 
Ave., Chicago, Il. 

Phipps & Bird. Ine., 915 E. Cary 


St., Richmond, Va. 


COMBUSTION INDICATORS 
AND RECORDERS 
Permutit Co., 330 W. 
New York City. 

COMMINUTORS 


Chicago Pump Co., 
St., Chicago, Ill. 


42nd St., 


2349 Wolfram 


COMPARATOR 
Hellige, Inc., 3762 Northern Blvd., 
Long Island City, MN. TF. 
La Motte Chem Piod, Co., Balti- 


more, Md. 
Proportioneers, Inc., 
Providence, R. I 


9 Codding St., 


W. A. Taylor & Co., Inc., 872 Lin- 
den Ave., Baltimore, Md, 

ba = gg & Tiernan Co., Inc., New- 

N. 

Ww ~~ Cc hemic al Feeders, Inc., Buf- 

falo, N. Y. 
COMPRESSORS, AIR 
Fuller Co., Catasauqua, Pa. 
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SEWER : 

= matinee Prod., Mertztown, Pa. 

Averaulic Development Corp., 50 
By arch 8 st., New York City y ‘ 

pacific Flush — = a sit a- 

Ave., 1icag il s 

re Prod. Corp., 6051 W. 


65th St., 


REAKER , 
te ie 400 N. Le Pxington Ave., 


“pittsburgh, Pa. 


Chicago, Ill. 


CONDENS® ‘ast Iron I ipe Co., Birming- 
Ala , 
U mse & Foundry Co., Burling- 
‘ton, N. J- 


EL, 
LLERS, FLOW, LEV 
CONTR OSSURE, RATIO, TEMPER- 
URE ; J 
a. atic Primer Pump. Co., 115 
Ww. Washington St.. Chicago, Ill. 
Bailey Meter Co. 1072 Ivanhoe Rd., 
»yeland, Ohio. 2 ; 
Hh iron Foundry Co., Provi- 
I. 
rath. Vilter yr Co, 59 E. Van Buren 
St., Chicago, “Ti. : ; 
permutit Co., 3380 W. 42nd St., 
New York City. : ; : 
Proportionee ars, Inc., 9 Codding St., 
*rovidence, R. 
Pn v sive & Mete r Co., 68th & 
: Upland Sts., Philadelphia, Pa. 


CONVEYORS AND CONVEYING 
pare ne Co., Aurora, Ml, 
Chain Belt Co., Milwaukee, Wis. 
Combustion Engrg. Co., 200 Madison 

Ave., New York City. y 
Dracco Corp., Cleve ‘land Ohio. 
Fuller Co., Catasauqua, Pa. , 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Mfg. Co.. 245 W. Hunt- 

ing Park Ave. Philadelphia, Pa. 
Syntron Co., 400 N. Lexington Ave., 
Pittsburgh, Pa. 


CONVEYORS—VIBRATORY— 


ELECTRIC p 
Jeffrey Mfg. Co., Columbus, Ohic. 


Syntron Co., 400 N. Lexington Ave., 
Pittsburgh, Pa. 
COPPER AND BRASS 
American Brass Co., 
Conn. 


COUPLINGS & CONNECTIONS, 
PIPE 
sradford, 


Waterbury, 


S. R. Dresser Mfg. Co., 
Pa. 
Mueller Co., Decatur, Ill. 


COVERINGS, UNDERGROUND, 
WOODEN 


A. Wrcekoff & Sen Co., Elmira, 
mm we 

CRANES 

Link-Belt Co., 300 W. Pershing Rd., 
Chicago, Ill. 


CRUSHING MACHINERY 
Gruendler Crusher & Pulverizer Co., 
Dept. S.. N. Market St., St. 
Louis, Mo. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 307 N. Michigan 
Ave., Chicago, IIl. 


CULVERTS 

Amer. Cast Iron Pipe Co., Birming- 
ham, Ala. 

American Rolling Mill Co., Middle- 
town, Ohio. 

Armco Culvert Mfrs. Assn., Middle- 
town, Ohio. 

Cast Iron Pipe Research Assn., 122 
S. Michigan Ave., Chicago, Tl. 

Johns-Manville, 22 E. 40th St., New 
York City (Asbestos-Cement). 

Lock Joint Pipe Co., Ampere, N. J. 

Lynchburg Foundry Co., Lynchburg, 
a. 

U. 8S. Pipe & Foundry Co., Burling 
to, N. J. (Cast Iron). 

R. D. Wood Co., Philadelphia, Pa. 


DECHLORINATORS 
Intl. Filter Co., 59 E. 
St., Chicago, Il. 
Proportioneers, Inc., 
Providence, R. I. 
Wallace & Tiernan Co., 


ay 3 


DIAPHRAGMS, PUMP 
Dorr Co., 247 Park Ave., New York 
City. 
Edson Corp., 
Mass. 
Proportioneers, Inc., 
Providence, R. I 


Van Buren 
9 Codding St., 


Newark, 


49 D St., So. Boston, 


DIFFUSERS—PLATES & TUBES 
— Co., Niagara Falls, 


Link-Belt Co., 807 N. 
_Ave., Chicago, Ill. 
Norton Co., Worcester, Mass. 


Michigan 





9 Codding St.” 





DIGESTERS, SLUDGE - ? 
Dorr Co., 247 Park Ave., New York 
City. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 
Pacific Flush Tank Co., 4241 Ra- 
yenswood Ave., Chicago, Ill. 


DISTRIBUTORS e 
Dorr Co., 247 Park Ave., New York 
City. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 
Pacific Flush Tank Co., 4241 Ra- 
venswood Ave., Chicago, Ill. 
Simplex Valve & Meter Co., 68th 

and Upland Sts, Philadelphia, Pa. 


DITCHERS AND TRENCHERS 
Barber-Greene Co., Aurora, III. 


DRAINS, STORM 
Armco Culvert Mfrs. Assn., Middle- 
town, Ohio. 
Lock Joint Pipe Co.. Ampere, N. J. 
R. D. Wood Co., Philadelphia, Pa. 
U. S. Pipe & Foundry Co., Burling- 
ton, N.. J. 


DRIVES, CHAIN 
Chain Belt Co., Milwaukee, Wis. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 


DRY CHEMICAL FEEDERS 

Intl. Filter Co., 59 E. Van Buren 
St., Chicago, "l. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Permutit Co., 330 W. 42nd St., New 
York City. 

Proportioneers, Inc., 
Providence, R. I. 

Syntron Co., 400 N. Lexington St., 
Pittsburgh, Pa. 

Wallace & Tiernan Co., Inc., New- 
ark, N. J. 


9 Codding St., 


DRYERS 
Combustion Engrg. Co., 200 Madison 
Ave., New York City. 
Deeirie Incinerator Corp., 155 E. 
44th St., New York City. 
Nichols Eng. and Research Corp., 
40 Wall St., New York City. 


DRYERS, ROTARY 
Link-Belt Co., 300 W. Pershing Rd., 
Chicago, Ill. 


DRYERS, SAND PORTABLE 
Link-Belt Co., 307 N. Michigan 
Ave., Chie ago Til. 
Pittsburgh-Des ‘Moines Steel Co., 
Pittsburgh, Pa. 


DRYERS—SPRAY 
Powen Research Corp., 
N. J 


EDUCATORS 
Vogt Mfg. Co., Louisville, Ky. 


ELEVATING S.. CONVEYING 
EQUIPMEN 
(See Seevapers & Conveying Equip- 
ment.) 


ENGINES, DIESEL 
Cooper-Bessemer Corp., Mt. Vernon, 
Ohio. 
Fairbanks-Morse Co., 900 So. Wa 
bash Ave., Chicago, Il. 


EXCAVATORS, DITCH & TRENCH 
Link-Belt Co., 300 W. Pershing Rd., 
Chicago, Ill. 


FEED, CHEMICAL 
(See Chemical Feeding Equipment.) 


FEEDERS, ROTARY 
Fuller Co., Catasauqua, Pa. 
Link-Belt Co., 307 N. Michigan 
Ave., Chicago, III. 
Syntron Co., 400 N. Lexington Ave., 
Pittsburgh, Pa. 


FENCING ces PICKET & CHAIN 
LINK WIR 
Pittsburgh Bet Co., Union Trust 
Bldg., Pittsburgh, Pa. 
Stewart Iron Wks. Co., Cincinnati, 
Ohio. 


FERRIC te gy LIQUID 

& ANHYD us 

Electro erie 4 ras Co., 9 E. 41st 
St.. New York City. 

Niagara Alkali Wks., 9 E. 41st St., 
New York City. 

Penn. Salt Mfg. Co., Widener Bldg., 
Philadelphia, Pa. (Liquid.) 


FERRIC CHLORIDE FEEDERS 

Intl. Filter Co., 59 E. Van Buren 
St., Chicago, Il. 

Permutit Co., 330 W. 42nd St., New 
York City. 

Phipps & Bird, Inc., 915 E. Cary 
St.. Richmond, Va. 

Proportioneers, Inc., 9 Codding St., 
Providence, R. I. 

Wallace & Tiernan Co., Inc., New- 


Garwood, 


ark, 

FERRIC SULFATE 

Merrimac Chemical Co., Boston, 
Mass. 


FERRIC SULPHATE FEEDERS 

Intl. Filter Co., 59 E. Van Buren 
St., Chicago, Ill 

Permutit Co., 330 Ww. 42nd St., New 
York City. 

Phipps & Bird, Inc., 
St., Richmond, Va. 

Proportioneers, Inc., 
Providence, R. 

Wallace & Tiernan, Inc., 
i. J 


915 E. Cary 
9 Codding St., 
Newark, 


Wilson’ Chem. Feeders, Ine., 110 
Washington St., Buffalo, N. Y. 


FILTERING EQUIPMENT 

Chicago Bridge & Iron Wks., 2198 
Old Colony Bldg., Chicago, Il. 

Everson Mfg. Co., 627 W. Lake St., 
Chicago, Il. 

Filtration Equipment Co., 10 E, 40th 
St., New York City. 

Filtration & Water Softening Pty. 
Ltd., Melbourne, Australia. 

Intl. Filter Co.. 59 E. Van Buren 
St., Chicago, Ill. 

Municipal Sanitary Service, 155 E. 
44th St., New York City. 

Permutit Co., 330 W. 42nd St., New 
York City. 

Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 

Roberts Filter Co., Darby, Pa. 

Simplex Valve & Meter Co., 68th 
& Upland Sts. Philadelphia, Pa. 


FILTER PLATES 
Carborundum Co., Niagara Falls, 
> s 
Norton Co., Worcester, Mass. 
FILTERS, GRAVITY & PRESSURE 
Intl. Filter Co., 59 E. Van Buren 
St., Chicago, Tl. 
Lakeside Engr. Corp.. 222 W. Ad- 
ams St., Chicago, Il. 
Permutit Co., 380 W. 42nd St., New 
York City. 
FILTER STRAINERS & NOZZLES 
Intl. Filter Co., 59 E. Van Buren 
St., Chicago, II. 
Lakeside Engr. Corp., 
ams St., Chicago, Ill. 
Permutit Co., 330 W. 42nd St., New 
York City. 
FILTERS, VACUUM 
Filtration Equipment Corp., 10 E. 
40th St., New York City. 
Municipal Sanitary Service Corp., 
155 FE. 44th St., New York City. 
Oliver United Filters Co.. 33 W. 
42nd St., New York City. 


FILTER UNDERDRAINS 
Carborundum Co., Niagara Falls, 


222 W. Ad- 


Intl. Filter Co., 59 E. Van Buren 
St., Chicago, Ill. 

Lakeside Engr. Corp., 222 W. Ad- 
ams St., Chicago, Ill. 

Norton Co.. Worcester, Mass. 

Permutit Co., 330 W. 42nd St., New 
York City. 

FLASH MIXERS 

Carborundum Co., 
ee 2 

oe em 247 Park Ave., New York 


Niagara Falls, 


Intl Filter Co., 59 E. Van Buren 
St., Chicago, Tu. 
Link-Belt Co., 307 N. 
Ave., Chicago, Ill. 
Vogt Mfg. Co., Louisville, Ky. 
FLOATING COVERS 
*acific Flush Tank Co., 4241 Ra- 
venswood Ave., Chicago, Ill. 
FLOCCULATING EQUIPMENT 
Carborundum Co., Niagara Falls, 
a * 
~— ae 


Michigan 


247 Park Ave., New York 


Intl. Filter Co., 59 E. Van Buren 
St.. Chicago, II. 
Link-Belt Co., 307 N. 
Ave., Chicago, Ill. 
Municipal Sanitary Service Corp., 

ao 4th St.. New York City. 
330 W. 42nd St., New 


Michigan 


Permutit Co., 
York City. 

Proportioneers, Inc., 
Providence, R. I. 


9 Codding St., 


FLOOR GRATING 
Arrowhead Iron Wks., 421 W. ith 
St., Kansas City, Mo. 


FLOORING, INDUSTRIAL 
Johns-Manville, 22 E. 40th St., 
New York City. 

Servicised Prod. Corp., 6051 W. 
65th St., Chicago, Ill. 


FLOOR STANDS 
Crane Co., 836 S. Michigan Ave., 
Chicago, Tl. 
R. D. Wood Co., Philadelphia, Pa. 


FLOW RECORDERS 
Brainard & Hatch, 246 Palm St., 
Hartford, Conn. 
Puilders Iron Foundry, 9 Codding 
St., Providence, R. I. 
Intl. Filter Co., 59 E. Van Buren 
St., Chicago, Il. 











Simplex Valve & Meter Co., Phila- 
delphia, Pa. 

R. W. Sparling, 945 N. Main St., 
Los Angeles, Calif. 


FLOW REGULATORS 

Bailey Meter Co., 1072 Ivanhoe Rd., 
Cleveland, Ohio. 

Builders Iron Foundry Co., Provi- 
dence, R. I. 

Intl. Filter Co., 59 E. Van Buren 
St., Chicago, Ill. 

McNulty Engr. Co., So. 
Mass. 

Simplex Valve & Meter Co., 68th 
& Upland Sts., Philadelphia, Pa. 


FLUMES, IRON & STEEL 
American Rolling Mill Co., Middle- 
town, Ohio. 

Chicago Bridge & Iron Wks., 2198 
Old Colony Bldg., Chicago, Ill. 
Pittsburgh-Des Moines Steel Co., 

Pittsburgh, Pa. 


FOOT VALVE WITH STRAINER 
Crane Co., 836 8. Michigan Ave., 
Chicago, Ill. 
Edson Corp., 49 D. St., So. Boston, 
Mass. 
Ludlow Valve Mfg. Co., Troy, N. Y. 
R. D. Wood, Philadelphia, Pa. 


FORMS & GASKETS FOR 
PIPE JOINTS 
L. A. Weston, Adams, Mass, 


FORMS, CONCRETE 
Blaw-Knox Co., Pittsburgh, Pa. 


FURNACES, MELTING, POURING 
LADLES, POTS, ° 
Atlas Mineral Products, Mertztown, 
a. 
Hydraulic Development Corp., 50 
Chureh St., New York City. 
Mueller Co., Decatur, II. 


GARBAGE DISPOSAL APPARATUS 

Decarie Incinerator Corp., 155 E. 
44th St., New York City. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Link-Belt Co., 2045 W. Hunting 
Park <Ave., Philadelphia, Pa. 

Nichols Engr. & Research Corp., 40 
Wall St., New York City. 

Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa, 


GAS DIFFUSERS 
Coe Co., 


Boston, 


Niagara Falls, 


Dorr Co., 247 Park Ave., New York 
City. 
Vogt Mfg. Co., Louisville, Ky. 


GAS FIRED EQUIPMENT, RADIA- 
TORS, HEATERS, STORAGE 
HEATERS, AIR CONDITION- 
ERS, ETC. 
American Gas Prod. Corp., 40 W. 
40th St., New York City. 
Mueller Co., Deeatur, Il. 


GAS HOLDERS 
Chicago Bridge & Iron Wks., 2198 
Old Colony Bldg., Chicago, Ill. 
Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa 


GAS PRODUCERS, AUTOMATIC 
R. D. Wood Co., Philadelphia, Pa. 


GATES, DRAINAGE 
Armco Culvert Mfrs. Assn., Middle- 
town, Ohio. 
McNulty Engrg. Co., 200 Old Colony 
Ave., Boston, Mass. 


GATES, IRON PICKET & CHAIN 
LINK WIRE 


Stewart Iron Wks. Co., Cincinnati, 
Ohio. 


GATES, ROTARY DISCHARGE 
Fuller Co., Catasauqua, Pa. 


GATES, SLUICE 
Crane Co., 836 8S. Michigan Ave., 
Chicago, Ill. 
Ludlow Valve Mfg. Co., Troy, N. Y. 
McNulty Engrg. Co., 200 Old Colony 
Ave., Boston, Mass. 


GATE VALVE HOUSING 
Ludlow Valve Mfg. Co., Troy, N. Y. 


GAUGES, LIQUID LEVEL, 
PRESSURE, RECORDING 
Bailey Meter Co., 1072 Ivanhoe Rd., 
Cleveland, Ohio. 
— Iron Foundry, Providence, 


Intl. Filter Co., 59 E. Van Buren 
St., Chicago, Ill. 

Simplex Valve & Meter Co., 68th 
& Upland Sts., Philadelphia, Pa. 

R. W. Sparling, 945 N. Main St., 
Los Angeles, Calif. 


GENERATORS, SETS, ELECERIC 

& DIESEL ENGINES 

Cooper-Bessemer Corp., Mt. Ver- 
non, Ohio. 

Fairbanks-Morse Co., 900 8S. Wa- 
bash Ave., Chicago, Ill, 

Syntron Co., 400 N, Lexington Ave., 
Pittsburgh, Pa. 
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TIONS - 
PIPE CONMECT: Iron Pipe Co., Bir- 


America Ala 
m, 4 
Cg om Pipe Research Assn., 122 


S§. Michigan Ave., Chicago, Ill. 
s Dresser Mfg. Co., Bradford, 


L yochburg » Foundry Co., Lynchburg, 
ce Wood Co., Philadelphia, Pa. 


RRUGATED : 
— i. Rolling Mill Co., Middle- 


n, Ohio. : 
Fe ng Culvert Mfrs. Assn., Middle- 
town, Ohio. 
FITTINGS ’ ‘ - 
sig hod Cast Iron Pipe Co., Bir- 
mingham, Ala. ne 
Crane Co., 836 S. Michigan Ave., 
Chieago, Ill. ; ‘ 
s. R. Dresser Mfg. Co., Bradford, 
Pa. 

Mueller Co., Decatur, Tl. . 
Sonken-Galamba Corp., 64 N. 2nd 
St., Kansas City, Mo. . 
U. S. Pipe & Foundry Co., Burling- 

ton, N. ; ' 
R. D. Wood Co., Philadelphia, Pa. 


OINT COMPOUNDS 
ay + Mineral Products, Mertztown, 
Pa. 
Hydraulic Development Co., 50 
‘Church St., New York City. 
Leadite Co., Girard Trust Bldg., 
Philadelphia, Pa. 
Servicised Prod. Corp., 6051 W. 
65th St., Chicago, Ill. 


PIPE JOINT TOOLS 
Hiydraulic Development Corp., 50 
Church St., New York City. 
Mueller Co., Decatur, Ill. 
Servicised Prod. Corp., 6051 W. 
65th St., Chicago, Il. 
PIPE LOCATORS 
Engineering Research Corp., 325 
Giddens-Lane Bldg., Shreveport, 
La. 
PIPE PUSHERS 
Templeton, Kenly Co., 1020 S. 
Central Ave., Chicago, Il. 
PIPE RAILING 
Stewart Iron Works, Cincinnati, 
Ohio. 
PIPE, SEWER 
American Cast Iron Pipe Co., Bir- 
mingham, Ala. 
Armco Culvert Mfrs, Assn., Middle- 
town, Ohio. 
Johns-Manville, 22 E. 40th St., 
New York City. 
Lock Joint Pipe Co., Ampere, N. J. 
Lynchburg Foundry Co., Lynchburg, 


a. 

U. S. Pipe & Foundry Co., Burling- 
ton, N. J. 

a =— & Son Co., Elmira, 


PIPE, STEEL 
Chie ago Bridge & Iron Works, 2198 
Old Colony Bldg., Chicago, III. 
Crane Co., 886 8. Michigan Ave., 
Chicago, Ill. 
Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 


PIPE, SUBAQUEOUS 
Lock Joint Pipe Co., Ampere, N. J. 


PIPE TAPPING MACHINES 
Mueller Co., Decatur, Ill. 
PIPE, WELDED STEEL 
Chicago Bridge & Iron Works, 2198 
Old Colony Bldg., Chicago, Tl. 
Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 
PIPE WITH SPECIAL LININGS 
American Cast Iron Pipe Co., Bir- 
mingham, Ala. 
Crane Co., 836 S. Michigan Ave., 
_ Chicago, Ill. 
we’ 4 se Foundry Co., Burling- 
PIPE, WOOD 
A. oo & Son Co., Elmira, 


PIPE, WROUGHT IRON 
Crane Co., 836 §., Michigan Ave. 
Chicago,’ Ill. ‘ 
Reading Iron Co., Philadelphia, Pa. 


PITOT TUBES 

Builders Iron Foundry Co., Provi- 
dence, R. I, 

Simplex Valve & Meter Co., 68th 
pad Upland Sts., Philadelphia, 


PLANTS, CHEMICAL TREATING 
Pittsburgh-Des Moines Steel Co. 
Pittsburgh, Pa. y 
Proportioneers, Inc., 9 Codding St 
Providence, R. I. ‘ 
Roberts Filter Mfg. Co. , Darby, Pa. 


PLANTS, MUNICIPAL FILTRATION 
ieago Bridge & Iron W orks, 2198 
Old Colony Bldg., Chicago, ill. 

International Filter Co., 59 E. Van 











Buren St. , Chicago, Il. 





Permutit Co., 330 W. 42nd St., 
New York City. 

Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa 

Roberts Filter Co., Darby, Pa 


ee yy CONVEYORS FOR 
ER AND SEWAGE TREAT- 


Dracco Corp., Cleveland, Ohio. 


POROUS TUBES AND PLATES 
Carborundum Co., Niagara Falls, 


Norton Co., Worcester, Mass, 


POURING GATES 
Hydraulic Development Corp., 50 
Church St., New York City. 


POWER TRANSMISSION 
MACHINERY 
Chain Belt Co., Milwaukee, Wis. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 


PROPORTIONING EQUIPMENT 
International Filter Co., 59 E. Van 
Buren St., Chicago, Ill. 
Permutit Co., 330 W. 42nd St., 
New York City. 
Phipps & Bird, Inc., 915 E. Cary 
St., Richmond, Va. 
Proportioneers, Inc., 9 Codding St., 
Providence, R 
Wilson Chem. Feeders, Ine., 110 
Washington St., Buffalo, N. » & 


PROTECTION COURSE FOR 
WATERPROOFING 
Servicised Prod. Corp., 6051 W. 
65th St., Chicago, Ill. 


PUMP PRIMERS 
Automatic Primer Co., 113 W. 
Washington St., Chicago, Ill. 
3arrett-Hae ntjens & Co., Hazleton, 
Pa. 


PUMPS, AIR LIFT 
Fairbanks, Morse & Co., 900 S. 
Wabash Ave., Chicago, Ill. 


PUMPS, BOILER FEED 
Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill 
Economy Pumping Machinery Corp., 
3431 W. 48th Pl., Chicago, Ill. 


PUMPS, CENTRIFUGAL 
Chain Belt Co., Milwaukee, Wis. 
Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 
Fairbanks, Morse & Co., 900 S. 
Wabash Ave., Chicago, Ill. 


rome. Bie ey fn AND 
TI-STAGE HIGH LIFT 
cules Pump Co., 2349 Wolfram 
St., Chicago, Tl. 
Economy Pumping Co., 3431 W. 
48th Pl., Chicago, Ill. 
Fairbanks, Morse & Co., 900 S. 
Wabash Ave., Chicago, Ill. 


PUMPS, CHEMICAL, PROPOR- 
TIONING 


Fairbanks, Morse & Co., 900 S. 
Wabash Ave., Chicago, IIl. 

Hills-McCanna Co., 2349 Nelson St., 
Chicago, Ill. 

Proportioneers, Inc., 9 Codding St., 
Providence, R. 

Wilson : shemical Feeders, Inc., Buf- 
falo, N. Y. 


PUMPS, CIRCULATING 
Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 
Economy Pumping Machinery Co., 
3431 W. 48th Pl., Chicago, Il. 


PUMPS, CONDENSATION 
Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 
Zconomy Pumping Machinery Co., 
3431 W. 48th Pl., Chicago, Ill. 


PUMPS, DIAPHRAGM 
Chain Belt Co., Milwaukee, Wis. 
Dorr Co., 247 Park Ave., New York 


City. 

Edson Corp., 49 D St., South Bos- 
ton, Mass. 

Fairbanks, Morse & Co., 900 S. 
Wabash Ave., Chicago, Ill. 

Proportioneers, Inc., 9 Codding St., 
Providence, R. I. 


PUMPS, HYDRANT 
Edson Corp., 49 D St., South Bos- 
ton, Mass. 
Fairbanks, Morse & Co., 900 S. 
Wabash Ave., Chicago, Il, 


PUMPS, NON-CLOG 
Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 
Economy Pump Machinery Co., 3431 
W. 48th Pl., Chicago, Ill. 


PUMPS, ROTARY 
Fairbanks, Morse & Co., 900 S. 
Wabash Ave., Chicago, Ill, 


PUMPS, SCREW FEED 
CENTRIFUGAL 
Chicago Pump Co., 2349 Wolfram 


PUMPS, SEWAGE 
Chain Belt Co., Milwaukee, Wis. 
Chicago Pump Co., 


PUMPS, SLUDGE 
Chain Belt Co., Milwaukee, Wis. 
i 2349 Wolfram 


247 Park Ave., 


& Co., 900 S. 
Chicago, Ill, 

, Catia qua, Pa, 

N. Michigan 


Pacific Flush Tank Co., 4241 Ra- 


, Chicago, Ill. 


PUMPS, —s AND FORCE 
St., South Bos- 


& Co., 900 S. 
, Chicago, Tl. 


PUMPS, TRIPLEX 

Morse & Co., 900 8S. 
Wabash Ave., Chicago, Ill. 

PUMPS, TURBINE 

‘ai Morse & Co., 900 S. 

, Chicago, “Th. 


PUMPS, VACUUM 
Barrett-Haentjens & Co., Hazleton, 
Pa. 


3431 W. 48th Pl., 
PUSH AND PULL JACKS 
c Co., Reynolds- 


Templeton-Kenly Co., 1020 S. Cen- 


, Chicago, Ill. 


RATE OF FLOW CONTROLLERS 
Bailey Meter Co., 1072 Ivanhoe Rd., 


RECEIVERS, AIR 
Chicago Bridge & Iron Works, 2198 
, Chicago, Ill. 


REDUCTION MACHINERY 
Jeffrey Manufacturing Co., Colum- 


; 20145 W. Hunting 
Park Ave., Philadelphia, Pa. 


REFRACTORIES 





St., Chicago, Ill. 


y. 
Economy Pumping Machinery Co., 
é , Chicago, Ill, 
& Co., 900 S. 
, Chicago, Il. 
, Lansing, Mich. 


2349 Wolfram 


Machinery Co., 
, Chicago, Ill. 


Machinery Co., 
, Chicago, Ill. 
8rd Ave. and 
‘ , York City. 

Fuller Co., Catasauqua, Pa. 


PUMPS, WATER SEAL 


Chicago Pump Co., 2349 Wolfram 


Machinery Co., 


Chicago, Ill. 


Brainard & Hatch, 246 Palm &St., 
Foundry Co., Provi- 


Filter Co., 59 E. Van 
, Chicago, Ill 


W. 42nd St., 


& Meter Co., 68th 


Philadelphia, 


MERS 
Mueller Co., Decatur, Ill. 


RECARBONATORS 

International Filter Co., 59 E. Van 
, Chicago, Ill, 
y oy 330 W. 42nd St., 


Niagara Falls, 


E. 40 St., 


° Nathalie, Mass. 


REFRACTORY CEMENTS 
y Niagara Falls, 


gE. .40 &., 


, Worcester, Mass. 


REGULATORS, SEWER 
MeNulty Engineering Co., 200 Old 
, Scuth Boston, Mass. 


REGULATORS, WATER AND GAS 
Pittsburgh Equitable Meter Co., 400 
, Pittsburgh, Pa. 


(See Standpipes and Tanks) 
ROBOT FILTER AND SOFTENER 
OPERATORS 


International Filter Co., 59 E. Van 
, Chicago, Ill. 


2349 Wolfram 


Dorr Co., 247 Park Ave., New York 


New York 






Permutit Co., 330 W. 42nd St., 
New York City. 


ROOFING 
Johns-Manville, 22 E. 40th St., 
New York City. 
Servicised Prod. Corp., 6051 W. 
65th St., Chicago, Il. 
U. 8. Pipe & Foundry Co., Burling- 
ton, N. J. 


RUBBER—ALL PURPOSES 
United States Rubber Co., 1790 
Broadway, New York City. 


SADDLES, PIPE 
S. R. Dresser Mfg. Co., Bradford, 
Pa. 
SAMPLERS AND SAMPLING 


L 
International Filter Co., 59 E. Van 
Buren St., Chicago, Ill. 
Proportioneers, Inc., Providence, 
as 


R. W. Sparling, 945 N. Main St., 
Los Angeles, Calif. 


SAND AND GRAVEL PLANTS _ 
Dorr Co., 247 Park Ave., New 


Gruendler Crusher and Pulverizer 
Co., Dept. S, N. Market St., St. 
Louis, Mo. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Link-Belt Co., 300 W. Pershing 
Rd., Chicago, Ill. 


SAND FILTRATION 
Everson Mfg. .Co., 627 W. Lake 

St., Chicago, Il. 
Permutit Co., 330 W. 42nd St., 

New York City. 
Roberts Filter Mfg. Co., Darby, Pa. 


SAWS—ELECTRIC, PORTABLE 
Syntron, 400 N. Lexington Ave., 
Pittsburgh, Pa. 


SCREENS, INTAKE 

Chain Belt Co., Milwaukee, Wis. 

Chicago Pump Co., 2349 Wolfram 
St., Chicago, Il. . 

Dorr Co., 247 Park Ave., New 
York City. 

Lakeside Engr. Corp., Chicago, Ill. 

Link-Belt Co., 300 W. Pershing 
Rd., Chicago, Ill. 


SCREENS, SAND, GRAVEL AND 
8 


Dorr Co., 247 Park Ave., New York 
City 

Guecaiite Crusher and Pulverizer 
Co.. Dept. S, N. Market St., St. 
Louis, Mo. : 

Jeffrey Mfg. Co., Columbus, Ohio. 

Link-Belt Co., 300 W. Pershing 
Rd., Chicago, Tl. ae x 

Munic ‘ipal Sanitary a. 155 E. 
44th St., New York Cit 


SCREENS, SEWAGE 

Chain Belt Co., Milwaukee, Wis. 

Chicago Pump at 2349 Wolfram 
St., Chicago, Ill. 

Dorr Co., 247 Park Ave., New York 
City 

Filtration Equipment Corp., 10 E. 
40th St.. New York City. 

Jeffrey Mfg. Co., Columbus, Obio. 

Lakeside En gineering Co., Chicago, 
ll. 


I 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 
Municipal Sanitary Service, 155 E. 
44th St., New York City. 


SELF-CAULKING PIPE JOINT 
COMPOUND: 

Atlas Mineral Prod., Mertztown, 
Pa. 4 

Hydraulic Development Corp., 50 
Chureh St., New York City. : 

Servicised Prod. Corp., 6051 W. 
65th St., Chicago, Ill. 


=wAe qyaanene BALLS, 


Ww. RY Voit Rubber Corp., P. 0. Box 
250, Arcade Station, Los Angeles, 
Calif. 

EWAGE EJECTORS > 

- Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 


E SAMPLERS 
onion Pump Co., 2349 Wolfram 
Chicago, Ill. 
Prapietianstem Inec., 9 Codding St., 
Providence, R. I. 

SEWAGE SCREENINGS GRINDER 
Chain Belt Co., Milwaukee, Wis. 
Chicago Pump Co., 2349 Wolfram 

St., Chicago, Ill. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Pacific Flush Tank Co., 4241 Ra- 
venswood Ave., Chicago, Ill. 
Royer Foundry and Mach. Co., 
Kingston, Pa. 


SEWAGE SLUDGE INCINERATOR 
Municipal Sanitary Corp., 155 E. 
44th St., New York. 

Nichols Engineering & Research 
Corp., 40 Wall St., New York 





City. 
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CLASSIFIED INDEX OF PRODUCTS 








SEWAGE TREATMENT 
EQUIPM 
Builders Iron Foundry Co., 
dence, ; 
Chain Belt Co. , Milwaukee, Wis. 
Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 


Provi- 


Dorr Co., 247 Park Ave., New York 
City. 
Filtration Equipment Corp., 10 E. 


40th St., New York City. 
International Filter Co., 59 E. 
Buren St., Chicago, Ill. 
Jeffrey Mfg. Co., Columbus, Ohio. 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 
Municipal Sanitary Service Corp., 
155 BE. 44th St., New York City. 
Pacific Flush Tank Co., 4241 Ra- 
venswood Ave., Chicago, Il. 
Phipps & Bird, Inc., 915 E 
St., Richmond, Va. 
Proportioneers, Inc., 9 Codding St., 
Providence, R. I. 
Simplex Valve & Meter Co., 68th 
end Upland Sts., Philadelphia, 


Van 


Cary 


a. 
S. Morgan Smith Co., York, Pa. 
Syntron Co., 400 N. Lexington Ave., 
Pittsburgh, Pa. 


SEWER PIPE JOINTS 
Atlas Mineral Prod. 
town, Pa. 
Hydraulic Development Corp., 50 
Chureh St., New York City. 


Co., Mertz- 


Servicised Prod. Corp., 6051 W. 
65th St., Chicago, Ill. 
L. A. Weston, Adams, Mass. 


SEWERS, SANITARY 
American Cast Iron Pipe Co., 
mingham, Ala. 
Armeo Culvert Mfrs. 

town, Ohio. 
Cast Iron Pipe Research Assn., 122 
8S. Michigan Ave., Chicago, II. 
Lock Joint Pipe Co., Ampere, N. J. 


Bir- 


Assn., Middle- 


sqgcmuns Foundry Co., Lynchburg, 
a. 

U. 8. Pipe & Foundry Co., Burling- 

ton, N. J. 

SIGNALS, BIN 

Fuller Co., Catasauqua, Pa. 
SIPHONS 

Pacific Flush Tank Co., 4241 Ra- 


venswood Ave., Chicago, III. 


SLEEVES, TAPPING (VALVE) 
Ludlow Valve Mfg. Co., Troy, N. Y. 
Vogt Mfg. Co., Louisville, Ky. 


SLUDGE COLLECTORS 
Chain Belt Co., Milwaukee, Wis. 


wer aa 247 Park Ave., New York 

ity. 

Filtration Equipment Corp., 10 E. 
40th St., New York City. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 


SLUDGE DEWATERING 
Filtration Equipment Corp., 10 E. 


40th St., New York City. 
Municipal Sanitary Service Corp., 
155 E. 44th St., New York City. 


SLUDGE DISINTEGRATORS 


Royer Foundry & Mach. Co., 158 
Pringle St., Kingston, Pa. 
SLUDGE FILTERS 
Filtration Equipment Corp., 10 E. 
40th St., New York City. 
Municipal Sanitary Service Corp., 
155 EB. 44th St.. New York City. 
Oliver United Filters Co., 338 W. 
42nd St., New York City. 
SLUDGE PUMPS 
Chain Belt Co., Milwaukee, Wis. 
SLUDGE TESTING 
La Motte Chem. Prod. Co., McCor- 
mick Bldg., Baltimore, Md. (pH 
and chlorine) 
SODA ASH 
Electro Bleaching Gas Co., 9 E. 
41st St., New York City. 
Mathieson Alkali Works, 60 E. 


42nd St., New York City. 


Niagara Alkali Works, 9 E. 41st 
St., New York City. 

Penn. Salt Mfg. Co., Widener 
Bldg., Philadelphia, Pa. 

SODIUM ALUMINATE 

Merrimac Chemical Co., Boston, 
Mass. 

National Aluminate Corp., 6216 W. 
66th Pl, Chicago, Ill. 

Penn. Salt Mfg. Co., Widener 
Bldg., Philadelphia, Pa. 

SODIUM HYDROCHLORIDE 

Electro Bleaching Gas Co., 9 E. 
4ist St.. New York City. 

Great Western Electro - Chemical 
Co.. 9 Main St., San Francisco, 
Calif. 

Mathieson Alkali Works, 60 E. 
42nd St., New York City. 

Merrimac Chemical Co., Boston, 


Mass. 





Niagara Alkali Works, 9 E. 4ist 
St., New York City. 
Penn. Salt Mfg. Co., Widener 


Bldg., Philadelphia, Pa. 

SPEED REDUCERS, TRANSMISSION 
Link-Belt Co., 2045 W. Hunting 
Park Ave., Philadelphia, Pa. 


SPRAY DRYING EQUIPMENT 


Bowen Research Corp., Garwood, 
N. J. 
SPRINKLING FILTER PLANTS 
Dorr Co., 247 Park Ave., New York 
City. 
Pacific Flush Tank Co., 4241 Ra- 


venswood Ave., Chicago, Ill. 


Simplex Valve & Meter Co., 68th 
and Upland Sts., Philadelphia, 
Pa. 


STACKS, FUME 
A. Wyckoff & Son Co., Elmira, N. J. 


STANDPIPE AND TANKS 

Chicago Bridge & Iron Works, 2198 
Old Colony Bldg., Chicago, fll. 

R. D. Cole Mfg. Co., Newnan, Ga. 

Columbia Steel Tank Co., Kansas 
City, Mo. 

Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 


STEAM AND GAS PURIFIERS 
Carborundum Co., Niagara Falls, 
Me me 
International Filter Co., 59 E. Van 
Buren St., Chicago, Ill. 


STEEL PLATE CONSTRUCTION 
Blaw-Knox Co., Pittsburgh, Pa. 


Chicago Bridge & Iron Works, 2198 
Old Colony Bldg., Chicago, Ill. 
Pittsburgh-Des Moines Steel Co., 

Pittsburgh, Pa. 
STIRRERS 
Dorr by o., 247 Park Ave., New York 
Cit 
Phippe & Bird. Inc., 915 E. Cary 
St., Richmond, Va. 
STOKERS 
Combustion Engineering Co., 200 
Madison Ave., New York Cit ty. 
Link-Belt Co., 2410 W. 18th St., 
Chicago, Ill. 
STRAINERS, SUCTION 
Barrett-Haentjens & Co., Hazleton, 
Pa. 
Edson Corp., 49 D St., South Bos- 
ton, Mass. 


SWIMMING POOLS AND EQUIP- 
MENT 
International Filter Co., 59 E. Van 
Buren St., Chicago, Il. 
Permutit Co., 330 W. 
New York City 


42nd S&t., 


Pittsburgh-Des “Moines Steel Co., 
Pittsburgh, Pa. 
Proportioneers, Inc., 9 Codding St., 


Providence, R. I. 
Roberts Filter Co., Darby, Pa. 
SWIMMING POOL PAINT IN 
COLORS 
Inertol Co., Inc., 401 Broadway, 
New York City. 
SWITCHES, FLOAT 
 eppeenenes & Co., 
a 


Clark Controller Co., 1146 E, 152nd 
St., Cleveland, Ohio. 


TAMPERS, TRENCH 
Syntron Co., 400 N. 
Pittsburgh, Pa. 


TANKS, ELEVATED STEEL 
Chieago Bridge & Iron Works, 2198 
Old Colony Bldg., Chicago, Ill. 


Hazleton, 


Lexington Ave., 


R. D. Cole Co., Newnan, Ga. 

Columbia Steel Tank Co., Kansas 
City, Mo. 

Pittsburgh-Des Moines Steel Co., 
Pittsburgh, Pa. 


TANKS, SEDIMENTATION 
Chain Belt Co., Milwaukee, Wis. 
Dorr Co., 247 Park Ave., New York 
City. 
Pittsburgh-Des Moines Co., 
Pittsburgh, Pa. 


TANKS, STEEL 
(See Tanks, Elevated Steel) 
TASTE AND ODOR REMOVAL 
EQUIPMENT 
International Filter Co., 59 E. Van 
Buren St., Chicago, Ill. 
Permutit Co.. 330 W. 42nd St., 
New York City. 
Proportioneers, Inc., 
i 


Providence, R. 
Wallace & Tiernan Co., 
J. 


Steel 


9 Codding St., 


Newark, 


TESTERS, 
Ford Meter Box Co., 


THICKENERS 
Dorr ig ., 247 Park Ave., 
Cit 
_... Filter Co., 59 E, Van 
Buren St., Chicago, Ill. 


WATER METER 


Wabash, Ind. 


New York 








TREADS, SAFETY 

Arsewhee’ Iron 
City 

Blaw- x Ra Co., Pittsburgh, Pa. 


TRENCH BRACES 
(See Braces, Trench Excavating) 


TURBINES, HYDRAULIC 
S. Morgan Smith Co., York, 


VACUUM HEATING PUMPS 
Chicago Pump Co., 2349 
St., Chicago, Ill. 


VALVE BOXES 


Works, Kansas 


Pa. 


Wolfram 


Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 

Ford Meter Box Co.. Wabash, Ind. 

Ludlow Valve Mfg. Co., Troy, N. Y. 


Vogt Mfg. Co., Louisville, Ky. 


R. D. Wood Co., Philadelphia, Pa. 
VALVE OPERATING PARTS 
Crane Co., 836 S. Michigan Ave., 


Chicago, Ill. 


Ludlow Valve Mfg. Co., Troy, N. Y. 


R. D. Wood Co., Philadelphia, Pa. 
VALVES 
Automatic Primer Co., 113 W. 


Washington St., Chicago, Ill. 
Barrett-Haentjens & Co., Hazleton, 
P. 


a. 

Crane Co., 836 S. Michigan Ave., 
Chicago, Ill. 

Golden-Anderson Valve Co., Pitts- 
burgh, Pa. 

Ludlow Valve Mfg. Co.. Troy N. Y. 


Decatur, Ill. 
330 W. 


Mueller Co., 
Permutit Co., 
New York City. 

Piseeee Eauitable Meter Co., 400 
Lexington Ave., Pittsburgh, Pa. 
Simplex Valve & Meter Co., 68th 
and Upland S8ts., Philadelphia, 

Pa. 
S. Morgan Smith Co., York, Pa. 
R. DT. Wood Co., Philadelphia, 


VALVES, CHECK 

Barrett-Haentjens & Co., 
Pa. 

Crane Co., 836 S. Michigan 
Chicago, Til. 

Golden-Anderson Valve Co., 
burgh, Pa. 

Ludlow Valve Mfg. Co.. Troy. N. Y. 

S. Morgan Smith Co., York, Pa. 


42nd St., 


Pa. 


Hazleton, 
Ave., 


Pitts- 


R. D. Wood Co., Philadeiphia, Fa. 
VALVES, FLAP 

Crane Co., 836 S. Michigan Ave., 
Chicago, Il. 
VALVES, FOOT 

Crane Co., 836 S. Michigan Ave., 


Chicago, Ill. 
Edson Corp., 49 D St., South Bos- 
ton, Mass. 
Ludlow Valve Mfg. Co., 


VALVES, GATE 
Crane Co., 836 S. Michigan 
Chicago, Tl. 
Ludlow Valve Mfg. Troy, N. Y. 
Vogt Mfg. Co., Louieville Ky. 
R. D. Wood Co., Philadelphia, Pa. 


VALVES, MUD AND PLUG 

Barrett-Haentjens & Co., 
Pa. (vlug). 

Crane Co., 836 S. 
Chicago, TIl. 


Troy, N. Y. 


Ave., 


Hazleton, 


Michigan Ave., 


Golden-Anderson Valve Co., Pitts- 
burgh. Pa 

Ludlow Valve Mfg. Co., Troy, N. Y. 

VALVES, RUBBER, GLASS AND 


LEAD LINED 
Hills-MeCanna Co., 2349 Nelson St., 
Chicago, Ill 


VALVES. WATER METER 
SPECIAL 
Ford Meter Box Co., Wabash, Ind. 
VENTURI TUBES 
Bailey Meter Co., 
Cleveland, Ohio. 
Builders Iron Foundry. 
St., Providence, R. 


1072 Ivanhoe, 


9 Codding 


International Filter Co.. 59 E. Van 
Buren St., Chicago. Tl. 

Simplex Valve & Meter Co., 68th 
and Upland Sts., Philadelphia, 
Pa. 

VIBRATORS ‘ 

Jeffrey Mfg. Co.. Columbus, Ohio. 

Syntron Co., 400 N. Lexington Ave., 
Pittsburgh, Pa. 

WASHING MACHINERY, SAND 
AND GRAVEL 

Dorr Co., 247 Park Ave., New York 
City. 

Jeffrey Mfg. Co., Columbus, Ohio. 

Link-Pelt Co., 300 W. Pershing 
Rd., Chicago, Ill. 

WASTE GAS BURNERS 
Pacific Flush Tank Co., 4241 Ra- 


venswood Ave., Chicago, Ill. 
WASTE (INDUSTRIAL) 
TREATMENT 


Dorr Co., 247 Park Ave., New York 


City. 












International Filter Co., 


Buren S8t., Chicago, tit, vette. 
Proportioneers, Inc., 9 Codding St 


sia ao. : i 

Simplex Valve & Met 

delphia, Pa eter OX, ae 

WATER ANALYSIS EQUIPMEN 
AND REAGENTS . 


Hellige, Ine., 3702 North 
Long Island City, N. aay Bivd., 
La Motte Chem. P L 
more, Md. red. Co., Balti 
A. Taylor & Co., 872 
Ave., Baltimore, Md. = 
WATER LEAK, LOCATING 
INSTRUMEN NTS 
Simplex Valve & Meter Co., 68th 
one Upland Sts., Philadelphia, 
a. 


WATER LEVEL RECORDERS 
Bailey Meter Co., 1072 Ivanhoe 
Rd., Cleveland, Ohio. 


Builders Iron Foundry Co.. 9 Cod- 


ding St., Providence, R. I, 

eB Valve & Meter Co., 68th 
= Upland Sts., Philadelphia, 
>a. 


WATER MAIN CLEANING 
National Water Main Cleaning Co, 
50 Church St., New York City. 
WATERPROOFING PAINTS, CoM. 
POUNDS AND MATERIALS 
Inertol Co., Ine., 401 Broadway, 
New York City. 
Johns-Manville, 22 E, 
New York City. 
Sika, Inec., 1943 Grand Central Ter- 
minal, New York City. 
Servicised Prod. Corp., 6051 W. 
65th St., Chicago, Il. 
WATER PURIFICATION EQUIP- 
MENT 


247 Park Ave., 


40th St., 


Dorr Co., 
City. 

Everson Mfg. 
Chicago, Ill. 

Link-Belt Co., 


New York 


Co., 627 W. Lake St., 
2045 W. Hunting 
Park Ave., Philadelphia, Pa. 
Permutit Co., 330 W. 42nd St., 

New York City. 
Proportioneers, Inc., 

Providence, R. I. 
Roberts Filter Mfg. Co., 


9 Codding St., 
Darby, Pa. 


Simplex Valve & Meter Co., 68th 
—_ Upland Sts., Philadelphia, 
, 

a. 


WATER RECORDING INSTRU- 
MENTS, MEASURING EQUIP- 


MENT 

Bailey Meter Co., 1072 Ivanhoe 
Rd., Cleveland, Ohio. 

Brainard & Hatch, 246 Palm §&t., 
Hartford, Conn. 

Builders Iron Foundry Co., 9 Cod- 
ding St., Providence, R. yt 

Simplex Valve & Meter Co., 68th 
and Upland Sts., Philadelphia, 
Pa. 

R. W. Sparling, 945 N. Main St., 
Los Angeles, Calif. 


WATER SEAL PUMPING UNITS 
Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 


WATER SOFTENERS 
International Filter Co., 59 E. Van 
Buren St., Chicago (lime-soda). 
National Aluminate Corp., 6216 W. 
66th Pl., Chicago, Il. 
Permutit, Ine., 330 W. 
New York City. 


42nd S&t., 


Proportioneers, Inc., 9 Codding St., 
Providence, R. 
Roberts Filter Co., ” Darby, Pa. 
WATER SUPPLY SYSTEMS 
Chicago Pump Co., 2349 Wolfram 
St., Chicago, Ill. 
Fairbanks, Morse & Co., 900 8. 


Wabash Ave., Chicago, Ill. 
WEATHERPROOF PAINTS, ROOF 
COATINGS 


Inertol Co., 401 Broadway, New 
York City. E : 
Servicised Prod. Corp., 6051 W. 


65th St., Chicago, Ill. 


WEIGHERS, AUTOMATIC BATCH 
Fuller Co., Catasauqua, Pa. 


WINDOW GUARDS an 
Stewart Iron Works, Cincinnati, 
Ohio. 
WIRE MESH PARTITIONS |. : 
Stewart Iron Works, Cincinnati, 
Ohio. 


ZEOLITE MINERALS 
International Filter Co., 59 
Buren St., Chicago, Ill. 
Permutit Co., 330 W. 42nd &t., 
New York City. 
ZEOLITE WATER SOFTENERS 
International Filter Co., 59 E. 
Buren St., Chicago, Til. - 
Lakeside Engineering Corp., 222 W. 
Adams 8t., Chicago, Ill. he P 
Permutit Co.. 330 W. 42nd St. 
New York City. 


E, Van 


Van 
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INFORMATION ON WATER AND SEWAGE WORKS PROBLEMS * 
—WHERE TO FIND IT 





By L. H. ENSLOW 


Editor WATER WorKS AND SEWERAGE 


The subject which has been assigned me is of a rather large 
order and will be dealt with only in part. I will content my- 
self with stating where information of various sorts may be 


found. 

[t goes without saying that information required by water 
works men and sewage works operators is not concentrated 
in two or three books. The nearest approach to concentrated 
information for water works men is found in the manual pub- 
lished by the American Water Works Association—“Water 
Works Practice.” 

Regardless of the availability of published information, 
reference books, etc., it is well known that practical experience 
is essential in solving most water and sewage problems. 


Reference Works. Text books, manuals, hand-books, jour- 
nals, and catalogs are named in the attached list of recom- 
mended reference work for water sewage works men. 


The list represents the majority opinions of operating men, 
managers, engineers and chemists. I was somewhat reticent 
about taking the sole responsibility of naming such a list and 
therefore called on men fully qualified to offer suggestions to 
make up a set of reference works. 


I had not thought of catalogs put out by manufacturers as 
being of value beyond use in specifying and purchasing ma- 
terials and equipment, but one of my collaborators who is 
Superintendent of Operations of a company operating a large 
number of plants states the following: 


“I find that in my own work the most frequently consulted 
books are the catalogs of the manufacturers of water works 
materials and equipment. These catalogs are of constant use, 
not only in connection with the purchasing of the goods listed, 
but also due to the vast amount of information contained in 
them as to the available styles, weights, dimension, capacities, 
and many other features.” 


Small Works and Large Works. It had been my thought 
that I might make up a list of reference works which would 
cover the needs of managers and operators of small and 
medium sized works and another which would be more exten- 
sive for the larger works. A superintendent of a small works 
writes as follows, and I am forced to agree with him to a 
major degree. 


“In my opinion, the small town superintendent should have 
just as complete knowledge of fundamentals as the large town 
superintendent and in fact would have problems coming to his 
personal attention which might require more detailed knowledge 
than would be the case with the superintendent of a large sys- 
tem who would delegate such work to various assistants.” 


Current Information. Current information is best obtained 
through the technical journals, trade papers, manufacturers’ 
publications. 


Attending meetings, listening to papers read and discussion 
of these, is of paramount value. Demonstrations such as those 
put on during meetings are extremely valuable and operations 
of this nature can not, as a rule, be found described in books. 
Operating papers in the journals and trade publications, how- 
ever, frequently describe “operating kinks” of a great value. 


Reprints and Bulletins. Manufacturers and Trade Asso- 
ciations frequently distribute information of value in the nature 
of reprinted articles, house-organs or bulletins. Ofttimes these 
are mailed out only upon request, or by sending in a coupon 
apg in an advertisement. It therefore pays to read 
the ads. 


Such publications usually contain valuable information and 
often serve a very useful purpose. If they are not bulky these 
may be filed away or placed in a loose leaf binder under the 
heading of the subject matter, as for example, “Meters and 
Meter Maintenance,” “Tanks and Standpipes,” “Water Treat- 
ment,” “Algae Control,” etc., etc. If bulky, they may be torn 





*A paper presented before the Southeastern Section, American 
Water Works Association. 


Revised in 1936. 





apart and the most valuable parts filed for future reference. 
It is surprising how much worthwhile information and data 
can thus be accumulated in a readily available form and at 
practically no cost. Some men make a practice of tearing 
apart technical magazines and filing the desired contents under 
subject matter heading where the information will be more 
readily available thereafter. 


Filing Schemes. I have found the following filing schemes 
practical, serviceable and inexpensive: 


For the office, the old fashioned and inexpensive box letter- 
file, made of cardboard and wood, is very useful. The index 
is removed and the clippings, reprints, etc., covering a single 
“subject-head” are placed in envelopes or folders properly 
labeled and preserved in the box files. These boxes are properly 
labeled to show their subject matter’ contents and stored on 
end on a shelf as one would store a set of books. As the con- 
tents of a single box grows it may be necessary later to devote 
an entire box to a single subject head. “Water Treatment” 
for example will probably require a single box which may 
contain a folder on water softening, and others on coagulation, 
aeration, corrosion control, etc. One subject head can be broken 
down into as many sub-divisions as may appear desirable. I 
have one which contains 16 sub-divisions and this assists in 
prompt location of the desired information when needed. 


Some people may prefer to use metal box files of the same 
size which are also available, but more expensive. Others may 
prefer a set of loose leaf binders, but I find the boxes are 
simpler, offer more protection to the filed sheets and keep the 
dust out. 


Information such as conversion factors, data tables and 
formulae which are more frequently used may best be filed 
in a pocket-size loose leaf book. The paper can be reinforced 
with little gummed linen eyelets where the rings pass through 
and the sheet folded if need be to fit into the binder or it 
may be cut into parts and glued at its corners to both sides 
of a filler sheet of the binder. An index in the binder serves 
a useful purpose in that it facilitates location of the desired 
tables of data or conversion figures. For work in the field 
the pocket size loose-leaf book is almost indispensable. I have 
one fairly well filled with curves and data cut from magazines, 
journals, and booklets distributed by manufacturers. 


Short Courses for Superintendents and Operators. This 
scheme has been followed successfully in many states. The 
courses are so arranged that those taking it are not in the least 
embarrassed by any lack of prior education. Much of the 
course is of a practical nature and the chemistry and biology 
lectures and laboratory work are made simple and attractive. 
Superintendents who have attended these schools have found 
them very helpful and have returned to take the courses another 
year, which is an excellent indication of their usefulness. Mate- 
rials men, factory representatives, sales engineers and other 
specialists are called upon to give demonstrations of important 
equipment used in water works systems. All of this is very 
useful and helpful to the manufacturer as well as the “students.” 
Questions are freely asked and answered. 


I do not hesitate to recommend the Short Course to every 
one of you and I believe that you will find the slight expense 
and the time spent a thoroughly good investment. 


Special and Unusual Problems. When a special or an un- 
usual problem presents itself to water works or sewage works 
operators, information required may not be easily found in 
published form. In such instances the State Health Department 
personnel can be of material help and I can assure you, as a 
former operator and later affiliated with two State Departments 
of Health, that the engineers and chemists connected with the 
Department are always glad to assist the operator or the man- 
agement of a public works wherever they can. Call freely on 
your Health Department Engineer for information and advice 
and you will be the gainer. 


In instances, the problem will be of a nature that can be 
solved by utilizing information obtainable through the Research 
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and Development Departments of manufacturers, Institutes, 
or Trade Associations. In my capacity of Research Engineer 
of the Chlorine Institute I have frequently been able to supply 
special information covering problems in chlorine application 
which, of nature, I was better prepared to give than someone 
else because of my long and intimate contact with chlorinating 
problems. Other associations are equipped to give similar 
service in connection with their products. 


I have not understood why consulting engineers and chem- 
ists are not more regularly approached for advice and infor- 
mation covering special problems. I believe that managers 
of water and sewage systems overlook the value of having 
their municipality retain consultants on an annual fee basis 
in order to be in a position to seek advice as frequently as 
need be by mail or ’phone. This is practiced by some cities 
but as a rule the small municipalities, which would profit 
relatively more perhaps than the larger cities by such an 
arrangement, fail to take advantage of this relatively low 
cost service. Consultants are not prone to charge small mu- 
nicipalities as heavy as they would those more able to pay. 
Industry finds that it pays to retain consultants on an annual 
fee basis and it sems that municipalities should find the same. 


I believe that every home should have its family physician 
and that every municipality needs the services of a consult- 
ing engineer to prescribe “remedies” over the ’phone just as 
the family physician does and thus frequently saves the pa- 





tient much discomfort or prevents the necessity of a “major 
operation” later. 

I find an increasing tendency on the part of small towns to 
retain chemists and engineers to supervise plant operations and 
at the same time supply advice and information whenever re- 
quired. If engineers and chemists were as good salesmen as are 
lawyers and physicians, more of this kind of valuable service 
would be made use of. 

Visiting. An excellent means of procuring information 
covering operation and maintenance is by visiting water and 
sewage works plants. Many of us are prone to inspect the 
works of our neighbors with a critical eye. We see too easily 
the weak points. If, on the other hand, we should look around 
and make inquiries in a less critical frame of mind, or with 
an attitude of seeking all possible information, more of value 
could be learned. 

When one attends a water or sewage works meeting or a 
short course he is actually “visiting” because there he meets 
and tasks with men from other places. That is next in value 
to an actual visit or first hand inspection of the other fellow’s 
works. I wish to stress the importance of visiting and exchang- 
ing experiences. 

Acknowledgment. I acknowledge, with appreciation, the 
assistance of the several men who contributed suggestions ot 
reference books, catalogs, etc., which proved helpful in pre- 
paring the following lists: 


LIST NO. 1—~FOR THE SMALLER WATER WORKS MANAGERS AND OPERATORS 


Books Publishers Authors 
Water Works Practice—Manual of the A. W. W. A.... Williams & Wilkins, Baltimore.................0 cee eeccceceecees Various 
The Operation of Water Filtration Plants (F)........ W.-C. State Dewt, Theat, Bake, Ne Coo ici sieciinec desceec sevacente 
ne POY SOO OE Bo is os sc ne otene need ewkede'eis N.Y, State Dent. Mealtth, Alleny, N.Y... 600s scaccviececsnscctpssnanegee 
I NI OMNI, ook osic's sé cctic cw cvieesenewnenaic McGraw-Hill Co., New York City.............. Flynn, Weston & Bogert 
Wreater Purmcation COetrel. ..oikccs i cidccccctccess wen Weems Oe Wiles, Battnote, WAG... occ cssccinccsasnceancece Hopkins 
Standard Methods of Water Analysis................. Be ee a, PO Oe ie ok. oo os itis co's cab nccucinssngeloawers a emenae 
I icy a cc uiars wigiavale be noses ARMED, Cha SOUP DOU CW s c:ne vc hciniscautieaasdincesln ee emeeiney Ellms 
Manual of the American Steel & Wire Co. Water 

NE gas 5 ws clas hits sd clalatiuoelnwe suthe anced Amaer. Steel & Wire Go. Cicame. Th nici ccdicctsaciscing samatcenee Brown 
Use of Copper Sulphate in Control of Microscopic 

I or ar, Oo, ss ca eaiva a dln ate wawde owas acne Cones Co, New ee Ci is sicdsesciscvesssvieestauseceen Hale 
yo ee a ee ee ee FOR Wee © DONS, NOU TOON CMG ei ois ccciccnncscvcsceciceueeene Race 
Technical Bulletins on Chlorination (F)............... Wramece & Terma Co, Mewar, Fe. Fcc. s ciee ec csensinseceeciina’ Various 
Reprints of Articles on Chlorine and Its Application... The Chlorine Institute, New York City..............-..02-eee0es Various 
RR I ee he oc oa sign wala a eudins wb ee John Wiley & Sons, New York City.................. Williams & Hazen 
Cameron Bivteasiee Toate CF ) ion cic ccciiccaiecccceccess Eamevanl-anes. Firmen. IN. Da os i sive necvescsesccneuas veh secon sen 
Peamepock Of Fire Protection... .....ncevcccccs ccs cceces D. Van Nostrand Co., New York City........... Crosby, Fiske & Forster 
Fire Engine Tests and Fire Stream Tables............. National Board of Fire Underwriters, N. Y. C............ccccccccccvccs 
GTA ICRI on ig nw tatwlbtad wap ccinians Cerrar ere EO... TR OE CIR io sik cove oe sivians se ernivns lanes Dibble 
peamnoon Gr Cast Bree Pipe CF ) i ccc ccacc vise sccces Cast Iron Pice Research Assn... Chicano, TL......... ...50.00ccc0ec0sceesenuns 
I Me ic ac eiak venice nee Re abes John Wiley & Sons, New York City.................0.. Mason & Buswell 
I I i vce alc cinema sid eenpnide aust John Wiley & Sons, New York City................... Turneau & Russell 
American Civil Engineering Handbook................ John Wiley & Sons, New York City................. Merriman & Wiggin 
Lefax—Data Sheets for Loose Leaf Note Books...... eRe Be, NR a oid cig clans sxlacdies's tcmetioneeeean Various 
Lime—Its Use in Water and Sewage Treatment (F)... National Lime Assn., Washington, D. C................ 0. cece cece eeeeeee 
wrasey. Dey Be Trement CF ) occ wccceisine vecscpen ces National Lame Assn. Washimeton, D. C..... «0.055 ccc. ceecscecscce Hoover 
A. B. C. of Hydrogen Ion Control (F)..........000s0: Lamotte Compiny, DamBOre, Bite ooo scccccccencevspacceucescoumeeee 
ee os osc tre abla nelalors @uidrar ey me! 
OE EE ee Pee MeGraw-rii Co., New York City... 6 i..csccss ses se ee Babbitt & Dorland 
DASESOREOOY OF DFIGKING WAlEF «6.0.06 ic csccciosccsccses Tome Wiley & Sons, New YORE City... os vce ciccsc vececnneccedesed Whipple 
ES SSR: cetera, a en ae ene a Gm Wem Oe OOGe, NOW NORE CIE. go osc nec cices desewnaepeneemaies Tracey 


Water Works & Sewerage Reference & Data Book... 


Asinette Publishing Company, Chicago, 291... .... <5 5 occ ciasavedeasececeneen 


Journals and Magazines 


Journal American Water Works Association 
Journal New England Water Works Association 
Technical Magazines—one or more. 
Footnote: 
(F) Available as Free Publications. 


*Needs revision badly, but is best book of its kind now available. 
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Books Publishers Authors 
I IIIS IOI ger ik nane wad eee Reo john: Wiley & Sons, New York City. «...6: occ sc cen vedeee Ward & Whipple 
ET WE os Ca ru ehed emsmad nae ea beaches Deetseemicaees CO. DOO TON G6 oii cook sk ccwndsaiscweesacieenees Smith 
Elements of Water Bacteriology...................00- John Wiley & Sons, New York City................ Prescott & Winslow 
RE rene Ohio Geological Survey, Columbus, O...................4-- C. W. Foulk 


eee Cretermmenetnees OF FI. TORS. coo. 5c oc ceccccsccccase John Wiley & Sons, New York City........... Whipple, Fair & Whipple 
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H and Its Practical Apencation-.........2.0.6s4.stwns Williams & Wilkins Co., Baltimore, Md.........LaMotte, Kenny & Reed 
Tee cescopy GE SN IN soins sche Sie 6S + acicterars John Wiley & Sons, New York City............ Whipple, Fair & Whipple 
Elimination of Tastes and Odors in Water............ Mc-Graw-Hill Co., New York CRF. bocinecavecovennsesupuecceneid Baylis 
Boiler Feedwater Purification..... oe tee tenseeceesecees Mc-Graw-Hill Co., New Y ork C ity....... Kia's dee'esension cbpeae away Powell 
Chemistry of Water and Sewage Treatment... <.3.c<6 6% Chemical Catalog Company, New York City........... yecewee ees Buswell 
Water Borne Typhoid Fever 3: ee eee re Williams & W ilkins Co., Baltimore, Md............... Wolman & Gorman 
Textbook of Bacteriology..........-...+-sseeeeeeeeeed Appleton & Co., New York City... 02.00. seeeeeeeeeee eens Hiss & Zinsser 
Corrosion ; Causes ee EC reer nr re McGraw-Hill Co., New York a or Peeereeeere reer err rere Speller 
Water Supply Paper 274....... wsetessecreevesesrenns U. S. Geological Survey, W ashington, Dy. C..6 6... cccesecetcceves Stabler 
Studies of Efficiency of Water Filtration Processes....U. S. Public Health Ass’n., New VOR SNS o.ck sky vetiawa ovsvececisave 
Water Supply Engineering SS DO © a ee ee = renne McGraw-Hill Co., New York City nati a ea eek Cee Babbitt & Doland 
Handbook of Hydraulics...............ssseseeeeeeeee McGraw-Hill Co., New York CAF. case svnseveducanneege ehuaembs King 
Concrete Engineers’ Handbook.............-...+++-005 McGraw-Hill Co., New York City......ccccscsoscreceees Hool & Johnson 
Docket Companion (F).........sesesscecccsvrscscene Carnemie Steel. Corp;. New Yorks Git". occa. cc.s doe baines alcsne Orie 
Meadbook on Pumps (F).......2...s.scccsrecescenes Worthington Pump Co. Prarrmen, WN: J... osis t.caccskecuntee paw eles 
Soteens Law Sor EGRUIOTS...0....000ccccccescccceses EEE CAA, SO ME COE, .. 5. ,ccucseveseipunchubeuaneeal Allen 
Mechanical Engineers’ Handbook..............-....+.- jomm: Wier & Sous; Mee YOUR Cie. oko ona os sda ciloceuc unas Kent 
Elements of Hydraulics............ petesverees seaeses John “Wiley &@ Sons, New York Civ. a. ok 5 Sicas coe ss ooaeuns Merriman 
Guiding Principles of Public Service Regulations (3 

Oy EE SAO ne Pe Roe re er nr ae Public Utilities Reports, Inc., Rochester, N. Y.............002c0ce Spurr 
Theory and Practice of Public Utility Valuation...... McGraw-Hill Company, New York City.................c000 cece Maltbie 
Pe SO PN 6 ion sannd Cadennednenv ee caerne uve MeGraw-finl Uo., New Yot Cite. oii cicciccccwiad hackeheee Barker 


(F) Available as Free Publications. 


LIST NO. 3—FOR OPERATORS AND MANAGERS OF SMALL SEWAGE WORKS 


Books Publishers Authors 
Operation and Control of Sewage Treatment Plants (F).New York State Dept. Health.................. N. Y. State Dept. Health 
Arithmetic of Sewage Disposal................2.cc00% John Wiley.& Sons, New York Civ, «<0. ccc sccevonen Imhoff & Fair 
Sewerage and Sewage Disposal (A Text Book)........ McGraw-Hill Co., New York City.................... Metcalf & Eddy 
Chemical Analysis of Water and Sewage (with explan- 

bee! SRN NNNE Doha cies Cae wenioin nein tS 0 icles oe tere oka Edwards Brothers, Ann Arbor, Mich.............. Eldridge & Theroux 
Sewerage and Sewage Treatment.................... John Wey & Sons, Mew York Cay. cons cisscicscowcss oank easel ok Babbitt 
Bulletins Nos. 59, 68, 69, 84 and 86 (F)............. low seen CC. | FUER. TO ios a ore ao 60:8 'ko ecg Salata guewatingeme Various 
(ES EO I Ae RLS WAS (YE AR Ra OE ko Se Sohn. Wiley-@ Sams: New Pore (ores. os hn eccsee te caniesn Folwell 
Manual of Sewage Works Operation................. New Jersey Sewage Expt. Sta., New Brunswick, N.'J................. 
Reprints of Technical Papers on Chlorine in Sewage 

GNU EE ioscan tao a ub a a wine eae Sees Wallace & Tiernan Co., Newark, N. J., and The Chlorine Inst. N. Y. C. 
Semis CRMArIGSOR CF Ys vsic-c sisi w avis tolicatoncescncineed Amer. Pup: Meatm Assn; ALY. C. on. oss sxc cue Sees Committee Reports 
UE PAINS © ogs's diaries alvin oa id esi weet ats John Wiley & Sons, New York City........ Kinnicutt, Winslow & Pratt 
Lime—Its Use in Water and Sewage Treatment (F)... National Lime Assn., Washington, D. C............... cece cece cceeces 
Chemical Treatment of Sewage (F)................04 Amer. Pob.. Heats Asst. BM. Yo Giicins cccsceeccasecs Committee Report 
Water Works and Sewerage Reference & Data Book. . Gillette Publishing Co., Chicago, Il]................ ccc ccc cece cece ee eecs 


JOURNALS AND MAGAZINES 
Reman “Wigs TONE S65 écte od 2o 50s kere apd ea 


Technical Magazines—one or more...........-.esee+- 
(F) Available as Free Publications. 


LIST NO. 4—FOR MANAGER, CHEMISTS AND OPERATORS OF LARGE SEWAGE WORKS 


(In addition to List No. 3 for smaller works) 


Books Publishers Authors 

American Sewage Practice Vol. 3, Sewage Treatment 

CISD. GMSONT |. 5 oa 5 o:cc-cws:0:0:0:0'0 6b b ore.ew ain ddlainre 010 4'0-0. SE ORT Ne I oo a or eeu Metcalf & Eddy 
wonving Sewage. Probes... 25 sccccca ses cdsaeeedsas McGraw-Hill Co., New York City.................. Fuller & McClintock 
Sewerage and Sewage Treatment.................000- Jone. Wier: &. Sonms.. Mew. Work Citys sisie caso ces ssc loy count Babbitt 
re er amen ene Metsraw-taae «Co, ew POCK Gin cas bcc ce cdeouencs Menu eke Fuller 
The Chemistry of Water and Sewage Treatment...... Chenral (ioe Gil, Me YOUR. ic dnscnd coen Orcas nbocunnens Buswell 
The Hoover Plumbing Code (F).................05- CF. D.; CU Oe Ie oi oo ache os obvi anc eee de. oseucdu dee 
Public Health Reports Bulletin No. 132.............. US. B. PRE BE SP GIIE, o csi o's vi dew sunccesrneseueben fi tee dioneenen 


(F) Available as Free Publications. 
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A Discussion of Flows, Friction, Measurement and Power 


The rate of flow or the volume of water passing a cross sec- 
tion of a stream in a unit time is called the “discharge. ~ 2. 2 
uniform velocity at all points in the cross section of a stream 
were possible, there would be passing any cross section of the 
stream, every unit of time, a prism of water having a base equal 
to the cross-sectional area of the stream and a length equal to 
the velocity. However, due to the varying effects of friction 
and viscosity, the different filaments of water move with differ- 
ent velocities. For this reason it is common in hydraulics to 
deal with “mean velocities.” 

The discharge may be expressed in terms of the mean velocity : 

Q = av 
where Q = Discharge in cubic feet per second. 
a = Cross-sectional area of stream in square feet. 
v = Mean velocity in feet per second. 

When the discharge is constant (i.e., when the same quantity 
of water passes any cross section of a stream during equal suc- 
cessive intervals of time) the flow is said to be “steady.” 

Flow is said to be “uniform” when there is little or no change 
in the cross section or velocity from point to point in a stream. 

Thus uniform flow implies similarity of conditions at suc- 
cessive cross sections at any given instant, while steady flow in- 
volves permanency of conditions at any particular cross section. 

In hydraulics the term “pressure head,” “static head” or sim- 
ply “head” is used to designate the vertical height of a static 
column of liquid which, due to its weight, would produce a 
pressure equivalent to the pressure in the fluid at the point in 
question. 

The “velocity head” is the height through which a body must 
fall in a vacuum to acquire the velocity with which water flows 
in a stream. The velocity head corresponding to any velocity is 
equal to the static head, which (neglecting friction) could cause 
(or could be caused by) that velocity. The relation between 
velocity head and velocity may be expressed by the formula: 


g)* 


he —_— 
29 
where /tvy = Velocity head in feet. 


v = Mean velocity in feet per second. 
g = Acceleration of gravity = 32.174 feet per second per 
second. 


Flow of Water Through Orifices and Tubes 


As commonly used in hydraulics, the term orifice is used to 
designate an opening with a closed perimeter, and of regular 
shape, through which water flows. If the perimeter is not 
closed, or if the opening flows only partially full, the orifice be- 
comes a weir. 

An orifice with prolonged sides, such as a short piece of pipe 
two or three diameters in length, set in the side of a reservoir, 
is called a tube. An orifice in a thick wall has the hydraulic 
properties of a tube. 

The theoretical velocity of a stream or jet of water issuing 
from an orifice is given by the formula: 


vt = V2gh 


where wt = Theoretical velocity in feet per second. 
g = Acceleration of gravity = 32.174 feet per second per 
second. 


h = Head on the center of the orifice in feet. 

The actual velocity of the jet is less than the theoretical ve- 
locity because of the frictional loss which occurs as the water 
approaches the orifice. The ratio of the actual mean velocity, 
v, to the theoretical velocity, vt, is called the “velocity coefh- 
cient” and is designated by the symbol Cv. The actual mean 
velocity of the jet is therefore: 

v= CvV2gh 

The stream or jet issuing from an orifice is not in all cases 
the same size as the opening of the orifice because of contrac- 
tion effects in certain cases and flaring effects in other cases. 
The “contraction coefficient,” Cc, of an orifice is the ratio of 
the cross-sectional area of the jet to that of the orifice. 

The discharge from an orifice is given by the formula: 

QO = CrCeaV 2gh 
OQ = Discharge in cubic feet per second. 
a = Area of orifice opening in square feet. 

It is customary to combine the coefficients Cy and Ce 
single coefficient Ca which is called a 


where 


into a 
“discharge coefficient.” 











The discharge coefficient is therefore a product of the velocity 
coefficient and the contraction coefficient, or Ca = Cv X Ce. 
The formula for discharge from an orifice then becomes: 
O = CaaV2gh 
average values of discharge coefficients for 
orifices and tubes. 


Flow of Water in Pipe and Open Channels 

As the term is used in hydraulics, a pipe may be defined as a 
closed conduit which flows full under pressure. By open chan- 
nel is meant any kind of water course with the top surface of 
the flowing water exposed to the atmosphere, such as a canal, 
aqueduct, flume, sewer or river. 

The “wetted perimeter” of any conduit is that portion of the 
perimeter of the cross section of the conduit in contact with the 


Table 12 gives 
various types of 


liquid. 
The “hydraulic radius” of a conduit is the cross-sectional 
area of the stream, divided by the wetted perimeter of that 


section. For a circular pipe flowing either full or half full the 
hydraulic radius is one-fourth the pipe diameter (or one-half 
the pipe radius). 

If a tube is tapped into the wall of a vessel or pipe contain- 
ing water under pressure, the water will rise in the tube to a 
height equal to the head producing the pressure at the point 
where the tube is inserted. Such a tube is called a “piezometer” 
tube. Piezometer tubes measure pressure above atmospheric 
pressure (gage pressure) since the water surface in the tube is 
subjected to atmospheric pressure. When piezometer tubes are 
used to measure pressure heads in pipes where water is in mo- 








Table 12 
Discharge Coefficients for Various Types of Orifices and 
Tubes 
: 8 Average 
Diagram Description discharge 
coefficient, Cy 

a SHARP-EDGED ORIFICE 
225 The stream is contracted to about 0.61 

/ 0.62 of the area of the opening. 





ORIFICE WITH WELL-ROUNDED 
ENTRY 


There is little or no contraction and 0.98 


the stream is about the same size as the 
opening. 





THICK WALL WIT 
EDGED ENTRY 


When flowing full. 0.82 

When the length of the tube is 2} di- 
— it is called a ‘‘standard short 
tube”’ 


SHORT TUBE OR ba ar IN 
SQUARE- 











SHORT TUBE OR ORIFICE IN 
THICK WALL WITH SQUARE- 
EDGED ENTRY 


When the stream springs clear from 
the tube at the upstream corner the 
flow is the same as for a sharp-edged 
orifice. 


0.61 


ss tew 












a 
7 


RE-ENTRANT TUBE 
Length about 24 diameters. Flowing 0.73 
full. . 


NWA E22 
Sv?’ 
ool 


_ 





RE-ENTRANT TUBE 


When the length is about one diam- 52 
eter it is called ‘‘Borda’s Mouthpiece”’. 0. 
—* springs clear of the walls of the 
tube. 




















this heading has been drawn from Tech- 
recently issued by National Tube Co. of 


*The material under 
nical Bulletin No. 21, 
Pittsburgh, Pa. d. 
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Direction of flow 
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tion, the end of the tube should enter the pipe at right angles to 
the direction of flow and the end of the tube should be flush 
with the inner surface of the pipe. 

If a pipe full of water is provided with several piezometer 
tubes, a line joining the tops of the columns of water in the 
tubes is called the “hydraulic grade line,” and the slope of this 
line is the “hydraulic slope” or simply the “slope.” Two pie- 
zometer tubes attached to a pipe line are shown in Fig. 35. The 
line joining the tops of the columns of water in the tubes rep- 
resents the hydraulic grade line and hy represents the loss of 
head in length /. The hydraulic slope, s, is therefore: 

ht 
sx. 


l 





Fig. 35—Hydraulic Grade Line 


— 
Friction 

There is always friction between moving water and the sur- 
face with which the water comes into contact. There is also 
friction between the moving particles of the water themselves 
which is commonly called viscosity. 

Water particles in contact with the conduit surface are re- 
tarded by friction, and viscosity causes a retardation of the 
particles removed from the conduit surface. Therefore, water 
flowing in a pipe has its maximum velocity at the center and its 
minimum velocity near the pipe walls. 

If there were no friction losses, the theoretical velocity, vt, at 
which water would discharge from a pipe or channel would be 
vt = V2gh. In any long pipe or channel, however, the greater 
portion of the total head is used in overcoming friction. 

The amount of frictional resistance offered by any surface 
increases with the degree of roughness of the surface. The 
resistance due to viscosity decreases as the temperature of the 
water increases. 

The loss of head due to the combined effects of viscosity and 
friction between the moving water and the surface of the con- 
duit is usually referred to as the loss of head due to friction. 

The influences of friction and viscosity on the flow of water 
have been determined experimentally by various authorities and 
a variety of formulas for the loss of head due to friction have 
been derived. Only a few of the best-known and most generally 
used formulas will be presented in this article. 

In addition to the loss of head due to friction, other losses 
of head result from changing the velocity or direction of flow. 
These special losses are considered in Table 21. 


Formulas for Flow of Water 


In Pipe and Open Channels 


The Chezy Formula - P 
The most generally used formula for determining the velocity 





of flow of water in pipe and open channels is the Chezy 
Formula: * 
v—cVrs,orv=cr’'s*® 
where v = Mean velocity in feet per second. 
r = Hydraulic radius in feet. 
s = Hydraulic slope in feet per foot of length. 


c=A coefficient which Chezy considered to be constant, 







but which is now known to vary with the hydraulic 
slope and hydraulic radius as well as with the 
degree of roughness of the surface with which the 
water comes in contact. 

This formula, although originally designed for open channels, 
is with proper modification applicable to either open channels 
or pipe. 

The Hazen-Williams Formula 

For the same degree of roughness, the value of ¢ for the 
Chezy Formula increases with the hydraulic slope and with 
the hydraulic radius. This is due to the fact that the exponents 
used for the terms in the formula are less than the true values. 
If the exponents were increased to correspond more nearly with 
the facts, the variation in the value of c would become smaller. 

The Hazen-Williams Formula was designed with a view of 
obtaining a minimum variation in the value of c for all con- 
duits of the same degree of roughness. That is, the object was 
to select values for the exponents such that c would be, as 
nearly as practicable, a function of the degree of roughness of 
the conduit surface and not of the hydraulic radius and slope. 

The Hazen-Williams. Formula is: 

v= cr’ ™5°-549.001-°"" 
where v = Mean velocity in feet per second. 
r = Hydraulic radius in feet. 
s = Hydraulic slope in feet per foot of length. 
c = Hazen-Williams coefficient of roughness. 

The last term (0.001-"") is a constant, and was introduced 
simply to equalize the value of c with the value in the Chezy 
Formula and other exponential formulas which may be used 
as a slope of 0.001 instead of at a slope of 1. Since 0.001-°" 
equals 1.318, the Hazen-Williams Formula may be written: 


v= 1.318cr°*5°™ 


Values of Coefficient "C" 


The fol!owing values of the coefficient c may be used in the 
Hazen-Williams Formula for computing the loss of head due 
to friction in new well-laid pipe: 

Kind of Pipe Coefficient c 


Kind of Pipe Coefficient c 


National Duroline ..... 148*7 i. ee 120 
Wrought Steel ......... 140 Riveted Steel .......... 110 
Small Brass and Copper 130 Veen PUGS: ccccceseeé 110 
CO SOON Ses casakecuesa 130 Brick SOWGFS. ..icccrvecs 100 
CE. sk dw cvescasevks 120 





internal corrosion and 


*“Duroline”’ pipe is protected against i 
lining 


mounting friction losses by a cement base composition 
of a highly durable nature.—Ed. 

+Approximately the same for cement lined pipe.—Ed. 

It must be understood that these values depend upon the 
smoothness and regularity of the surfaces and are likely to vary 
in individual cases. In designing a pipe line it is customary to 
use somewhat lower coefficients than those above, to allow for 
variations due to local conditions, and for reduction of carrying 
capacity with age due to roughening of the inside surface, 
accumultaion of corrosion products, and tuberculation. How- 
ever, in case of Duroline Pipe, the volume of flow remains 
practically unchanged over long periods of service due to the 
fact that rust tubercles do not form and the initially smooth 
inside surface is retained. 

Tables 15 and 16 have been prepared to furnish directly the 
loss of head (hf) in feet per 1000 feet of pipe of various sizes 
for different velocities and values of the coefficient c. Similar 
data for Duroline Pipe, based on a value of c= 148, is given 
in Table 17. These tables were calculated for actual internal 
diameters by the following arrangement of the Hazen-Williams 


Formula: 
0-54 ae rer 
ht = 1000 V aE 


where hy = Loss of head in feet due to friction per 1000 feet 
of pipe = 1000s. 

The loss of head (hf) for any value of the coefficient c not 

given in Tables 15 and 16 may be determined by multiplying 


0.54 100 
the loss of head (hf) for c = 100 by the factor C) 


Values of this factor corresponding to various values of the 
coefficient c are given below: 


Factor = Factor = 
0087 160 ; asa ae 
Coefficient c — Coefficient c rete 
c c 
60 2.575 110 0.8382 
7 1.936 120 7135 
80 1.512 130 6152 
90 1.215 140 5363 
100 1.000 
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Table 15 
of Head in Pipe by Friction for National A.P.I. Line Pipe, Caleuluted by Hazen-Williams Formula 


































































































































































Discharge in ‘ 
SES aE! Fg Loss of head in feet 
Pipe side | Gal- yd on per 1000 feet of pipe (4;) 
size diam- | lons | Gallons ~~ : 
inches eter per T 24 meneame — 
inches | min- ean second 
ute (v) c=140 | c=120 | c=100 | c=80 
i 1.049 3 4,320 1.114 6.72 8.94 12.5 18.9 
| 4 5.760 1.485 11.4 15.2 21.4 32.3 
5 7,200 1.856 17.3 23.0 32.3 48.8 
6 8.640 | 2.227 24.3 32.3 45.2 68.4 
| s 11,520 2.970 41.3 55.0 77.1 117 
| 10 14,400 3.712 62.5 83.1 117. 176. 
12 17,280 4.455 87.6 117 163. 247 
16 23,040 5.940| 149 198 278. 421. 
20 28,800 7.425 226 300 421. 636. 
25 36,000 | 9.281 | 341 454 636. 961. 
30 43.200 | 11.137] 478 636 891. 1347. 
35 50,400 | 12.903 | 636 846 1185 1792 
40 57,600 | 14.849 | 814 1083 1518. 2295 
114 1 380 4 5.760 0.858 3.01 4.01 5.61 8.49 
| 5 7,200 1.073 4.55 6.06 8.49 12.8 
6 8.640 1.287 6.38 8.49 11.9 18.0 
8 11,520 1.716 10.9 14.5 20.3 30.6 
| 10 14,400 2.145 16.4 21.9 30.6 46.3 
12 17,280 | 2.574 23.0 30.6 42.9 64.9 
| 16 23,040 3.432 39.2 52.2 73.2 Il. 
| 20 28,800 4.290 59.3 78.9 Ii. 167. 
30 43,200 6.435 | 126 167 234. 354 
40 57,600 8.580 | 214 285 399. 603. 
60 86,400 | 12.870} 454. 603 846. 1279. 
80 115,200 | 17.160] 773 1028 1441. 2178 
1% 1.610 4 5,760 0.630 1.42 1.8 2.65 4.01 
| 5 7,200 .788 2.15 2.86 4.00 6.06 
| 6 8,640 946 3.01 4.01 5.62 8.49 
| 8 11,520 1.261 5.13 6.82 9.57 14.5 
10 14,400 1.576 7.76 10.3 14.5 21.9 
12 17,280 1.891 10.9 14.5 20.3 30.6 
16 23,040 2.521 18.5 24.6 ws 52.2 
20 28,800 3.152 28.0 37.2 §2.2 78.9 
ce) 43,200 | 4.728 59.3 78.9 It 167. 
} 50 72,000 7.880 | 153 203 285. 43!. 
75 108,000 | 11.820 | 324 431 603 912. 
100 | 144,000 | 15.759| SSI 734 1028. 1554. 
| 125 180,000 | 19.609 | 833 1109. 1554 2350. 
2 2.067 6 8,640 0.574 0.892) 1.19 1.66 2.51 
8 11,520 765 1.52 2.02 2.83 4.28 
10 14,400 956 2.30 3.06 4.28 6.47 
12 17,280 1.147 3.22 4.28 6.00 9.07 
16 23,040 1.530 5.48 7.30 10.2 15.5 
20 28,800 1.912 8.29 11.3 15.5 23.3 
| 30 43.200 | 2.868 17.6 23.4 32.8 49.5 
50 72,000 4.781 45.2 60.2 84.3 128 
| 75 108,000 7.171 95.8 128 179. 270 
100 144,000 9.561 163 217. 304. 460 
150 216,000 | 14.342 | 346 460 645. 975. 
q 200 288,000 | 19.122] 589. 784. 1099. 1661. 
~ Discharge in . : 
In- Veloc- Loss of head in feet 
| Pipe | side | Gal- "2. m4 per 1000 feet of pipe (4/) 
} eet 
size diam- | lons Gottens | . 
inches | eter per er 24 | | second | 7 —_ 
| inches | min- ours =140 | c=130 | c=120 | c=100 
| ute i | 
5 $.047 30 2 po | 0.481 ‘ 0.227 0. 261 © 292 0.424 
49 ° | 642 37 444 515 -722 
50 72. 000 802 585 671 | 779 1.09 
100 144.000 | 1.604} 2.11 2.42 | 2.81 3.94 
200 | 288,000 | 3.208 | 7.63 8.75 | 10.1 14.2 
300 432,000 4.812 | 16 2 18.5 | 21.5 30.1 
| 400 576,000 6.416) 27.5 31.6 36.6 51.3 
500 | 720,000 | 8.020; 41.6 477 55.3 77.6 
| 750 |1,080,000 | 12.030 | 88.2 101 | 117 164. 
1000 1,440,000 | 16.049 | 150. 172 200. 280 
{ L — J 
Discharge in V lo : 
In- we . Loss of head in feet 
Pipe | side iC ubic |i — per 1000 feet of pipe (4) 
~ | ee 
_ size diam- | Gallons | feet 
inches | __ eter r 24 per | cnand 
} inches ours ea | c=140 | c=130 | c=120 | c=100 
| on | 
actasions 
| 6 6.065 | 50,c00 | 0 0774) 0.386 0.122 0.140} 0.162 0.227 
| 69,000 | 0.928 463 171 196 .22 318 
80,000} .124 617 291 .333 | 387 542 
100,000} .155 771 439 .504 | 585 .819 
200,000} .2%) | 1.542 1.59 1.82 2.28 2.96 
300,000} .404 |) 2.314 3.36 3 85 4.47 6.2 
400,000 619 3.085 5.72 6.57 7.62 10.7 
600,000; 928] 4.627 12.1 13.9 16.1 22.6 
800,000} 1.258 | 6.170| 20.7 23.7 27.5 B.5 
1,000,000 | 1.547] 7.712] 31.2 35.8 41.6 59.2 
1,500,000 | 2.321 | 41.568 | 66.2 75.9 88.1 123. 
2,000,000 | 3.004 | 15.424 | 113 129. 150 210 
x 7.981 200,000 | 0.3094 0.891 0.416 0.478 0.554 0.777 
300,000 464 | 1.336 882 1.01 1.17 1.65 
400,000 619 1.781 1.50 1.72 2.00 2.80 
500,000 774 | 2.227 2.27 2.61 3.02 4.24 
750,000| 1.160 | 3.340 4.82 5.52 6.41 8.98 
1,000,000 | 1.547 | 4.454 8.20 9.41 10.9 15.3 
1,500,000 | 2.321 | 6.680 | 17.4 19.9 23.1 32.4 
2,000,000 | 3.00! | 8.907] 29.6 34.0 39.4 2 
3,000,000 | 4.642 | 13.361 | 62.7 72.0 83.5 
10 10.020 300,000 | 0.464 | 0.848 0.291 0.334 0. 388 
400,000} .619 | 1.130 .496 569 660 
500,000} .774}| 1.413 750 -861 998 
750,000} 1.160 | 2.119 1.59 “82 2.12 
1,000,000 | 1.547 2.825 2.71 3.1 3.60 
2,000,000 | 3.004} 5.651 9.78 11.2 13.0 





































































































Discharge in 
In- Veloc- Loss of head in feet 
Pipe | side | Gal- — per 1000 feet of pipe (h,) 
size diam- | lons | Gallons | feet 
inches | eter per r 24 amend — 
inches ar _ (v) ¢=140 | c=130 | c=120 | c=100 
-| A sa 
24% 2.469 8 11,520 | 0.536 0.639 0.733 0 851 1.19 
10 14,400 670 906 11 1.29 1.80 
12 17,280 804 1.35 1.55 1.80 2.53 
16 23,040 1.072 2.31 2.65 3.07 4.30 
20 28,800 1.340 3.49 4.00 4.64 6.51 
25 36,000 1 675 5.27 6.05 7.02 9.83 
50 72.000 3.351 19.0 21.8 25.3 35.5 
100 144,000 6.701 | 68.7 78.8 91.4 128 
150 216,000 | 19.052 | 146 167 194 271. 
200 288,000 | 13.402 | 248 284 330 462 
250 | 360,000 | 16.753 | 375 430 499 699. 
300 432,000 | 20.103 | S20 003 699. 980 
3 3. 068 10 14,400 | 0.434 9. 33° 0. 385 0.446] 0.626 
15 21,600 .651 71 816 946 1.33 
20 28,800 868 1.21 1.39 1.61 2.26 
25 36,000 1.085 1.83 2.10 2.44 3.41 
50 72,000 | 2.170| 6.61 7.58 8.79 12.3 
100 141,000 4.340 | 23.9 27.4 31.7 44.5 
200 283,000 8 86.1 98.8 115 161° 
300 432,000 | 13.020 | 182 209 243. 340 
400 576,000 | 17.360 | 3IT. 357 414 580 
500 720,000 | 21.699 | 470. 539 625 876 
3% | 3.548 10 14.400 | © 325| ©1565] 9.190] 0.220) 0.308 
15 21,600 487 | 350 402 466 -653 
20 28,800 649 $97 684 -794 I. 
25 36,000 Sur 902 1.03 1.20 1.68 
50 72,000 | 1.623 3.26 3.73 4.33 6.07 
100 144.000 3.245 11.8 13.5° 15.6 21.9 
200 288,000 ».490 | 42.4 48.7 50.4 79.1 
300 | 432.000 | 9.735 | 89.9 103 120 168. 
400 576,000 | 12.980 | 153 176 204. 286. 
500 720,000 | 16.225 | 231 266 308 432. 
hoo 864,000 | 19 470 | 324 372 A32. 605. 
iz | 4 026 20 28.800 | 0.504 @ 122 9 370 © 420 0.601 
} | | = 6,000 | — .630 | 187 559 648 909 
jo 43.200 756 683 | 74 909 | 1.27 
| a0 57.600 1.008 | 1.16 1.33 1.55 2.17 
| | §0 72,000 | 1.260| 1.76 2.02 2.34 3.28 
| 100 | 144,000 | 2.520! 6.35 7.28 8.45 11.8 
| } 200 288,000 | 5.940 2.9 26.3 30.5 42.7 
300 | 432.000 | 7.561 | 48.6 55.7 646 | 90.6 
| 400 | 576,000 | 10.081 ; 82.7 04.0 110 154 
| 500 720,000 | 12.601 | 125 | 143 166 233. 
600 864,000 | 15.121 | 175 201 233 327. 
| 800 [1,152,000 20.162 | 209 | 343 397. 557. 
ait | — EE —=— 
Discharge in 
In- Veloc- Loss of head in feet 
Pipe | side Cubic| "1" per 1000 feet of pipe (hy) 
: . eet 
size | diam- | Gallons | feet “ 
inches | __ eter 24 | per md 4 
inches jours — (v) | c=140 | c=130 | ¢=120 | c=100 
10 10.020 | 3,000,000] 4.642 | 8.476] 20.7 23.8 27.6 B.6 
4,000,000 | 6.189 | 11.302 | 35.3 40.5 47.0 65.8 
5,000,000 | 7.736 | 14.127] 53.4 1.2 71.0 99.5 
12 12.000 300,000] 0.464 | 0.501 0.121 0.139 0.161 0.226 
400,000] .619 - 783 .206 .237 -274 385 
500,000] .774 -985 -312 -358 415 - 581 
1,000,000] 1.547 | §.970 1.13 1.29 1.50 2.10 
1,500,000 | 2.321 2.955 2.3% 2.74 3.17 4.45 
2,000,000 | 3.004 | 3.940 4.06 4.06 5 40 7.58 
3,000,000 | 4.642 | 5.910 8.61 9.87 11.5 16.1 
5,000,000 | 7.736 | 9.850| 22.2 25.4 29.5 41.3 
7,500,000 |11.60 | 14.775 | 47.0 53.9 62.5 87.6 
10,000,000 |I5.47 19.700 | 80.0 91.8 106. 149. 
1440D] 13.250 500,000 | 0.774 | 0.808 0.192 0.221 0.256 0.359 
1,000,000 | 1.547 1.616 .695 -797 924 1.30 
2,000,000 | 3.004 | 3.232 2.51 2.88 3.34 4.68 
3,000,000} 4.642 | 4.847 5.31 6.09 7.07 9.91 
5,000,000 | 7.736 | 8.079 | 13.7 15.7 18.2 25.5 
7,500,000 |I1.60 | 12.119 | 29.0 33.3 3.6 54.1 
10,000,000 |I5.47 | 16.158 | 40.4 56.6 65.7 92.1 
12,500,000 |19.34 | 20.198 | 74.7 85.6 99.3 139. 
160 D] 15.250 750,000| 1.160] 0.915 0.206 0.236 0.274 0.383 
1,000,000 | 1.547 1.220 .350 402 4606 .653 
2,000,000 | 3.004 | 2.440 1.26 1.45 1.68 2.36 
3,000,000 | 4.642 | 3.659 2.68 3.07 3.56 5.00 
5,000,000 | 7.736 | 6.099 6.90 7.91 9.18 12.9 
7,500,000 |11 .60 9.148 | 14.6 16.8 19.4 27.3 
10,000,000 |I5.47 | 12.198 | 24.9 28.6 33.1 46.4 
15,000,000 |23.21 | 18.297] 52.8 60.5 70.2 98.4 
180 D]| 17.182 | 1,000,000} 1.547 .961 0.196 0.225 0.261 0.365 
2,000,000 | 3.094 | 1.922 -707 B11 941 1.32 
3,000,000 | 4.642 | 2.883 1.50 1.72 1.99 2.79 
5,000,000 | 7.736 | 4.805 3.86 4.43 5.13 7.20 
7,500,000 |11 .60 7.207 8.18 9.3 10.9 15.2 
10,000,000 |15.47 9.609 | 13.9 16.0 18.5 26.0 
15,000,000 |23.21 14.414] 29.5 33.9 39.3 55.0 
20,000,000 |30.94 | 19.218 | 50.3 57.7 66.9 93.8 
200 D| 19.182 | 1,000,000) 1.547 | 0.771 D.1IS 0.131 0.152 0.214 
2,000,000 | 3.004 | 1.542 -414 -475 - 550 -77 
3,000,000 | 4.642 | 2.313 .876 1.01 1.17 1.63 
5,000,000 | 7.736 | 3.855 2.26 2.59 3.00 4.21 
7,500,000 |I1.60 5.782 4.78 5.49 6.36 8.92 
10,000,000 |I5. 47 7.710 8.15 9.35 10.8 15.2 
15,000,000 |23.21 11.565 | 17.3 19.8 23.0 32.2 
20,000,000. |30.94 | 15.419 | 29.4 33.7 30.1 54.8 
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Table 16 


Loss of Head in Pipe by Friction for Large Diameter Pipe Listed 
Calculated by Hazen-Williams Formula 





by I. D. Sizes, 



































































































































—————————— -———— — 
Pipe inside a= Velocity Loss of head in feet  ~ inside Discharge in Velocity Loss of head in feet 
diameter | wintion| Cubic | ™ a per 1000 feet of pipe (h;) iameter Million] Cubic | i” feet per 1000 feet of pipe (Af) 
———| gallons} feet tne gallons| feet per 
Feet T 24 per (v) Inch Feet Tr 24 per secon 
Inches} ‘(p) ours | second c=140 | c=130 | Pane) ae nches| “(p) eT (v) c=140 | c=130 | c=120 | c=100 
22 | 1.8333] 1 1.547 | 0.586 0.059 0.067 | 0.078 | 0.110 42 3-50 5 7.730] 0.804 0.050 0.057 | 0.066 | 0.093 
2.5 3.868 1.465 .32I 368 427 598 10 15.47 1.608 -179 .206 .238 -334 
5 7.736 2.931 1.16 1.33 1.54 2.16 15 23.21 2.412 .380 .436 .505 .708 
7-5 11.60 4.396 2.45 2.81 3.26 4.57 20 30.94 3.216 .647 .742 861 1.21 
10 15.47 5.861 4.18 4.79 5.56 7.79 30 46.42 4.824 1.37 1.57 1.82 2.56 
15 23.21 8.792 8.86 10.2 11.8 16.5 40 61.890 6.433 2.34 2.68 3.11 4.35 
20 30.94 11.722 15.1 17.3 20.1 28.1 50 77.36 8.041 3.53 4.05 4.70 6.58 
25 38.68 14.053 | 22.8 26.2 30.3 42.5 75 116.0 12.061 7.48 8.58 9.95 13.9 
24 | 2.0000) 2 3.094 | 0.985 0.139 0.159 | 0.185 | 0.259 48 4.00 5 7.736| 0.616 0.026 0.030 | 0.034 | 0.048 
5 7.736 | 2.462 758 .869 | 1.01 1.41 10 15.47 | 1.231 .094 .107 .124 .174 
7-5 | 11.60 3.694 1.61 1.84 2.14 2.99 20 30.94 | 2.462 .338 .387 -449 .630 
10 15.47 4.925 2.74 3.14 3.64 5.10 30 46.42 3.604 715 .821 -952 1.33 
15 23.21 7.387 5.80 6.65 7.71 10.8 40 61.89 | 4.925 1.22 1.40 1.62 2.27 
20 30.94 9.850 | 9.87 | 11.3 13.1 18.4 50 77.30 | 6.156 | 1.84 2.11 2.45 3.44 
25 38.68 | 12.312 | 14.9 17.1 19.9 | 27.8 75 | 116.0 | 9.234 | 3.90 4.48 | 5.19 | 7.28 
30 46.42 | 14.775 | 20.9 24.0 27.8 39.0 100 | 154.7 | 12.312 | 6.65 7.63 8.85 | 12.4 
26 | 2.1667; 2 3.094 0.839 0.004 0. 108 0.125 | 0.175 54 4.50 10 15.47 0.973 0.053 0.060 | 0.070 | 0.098 
5 7.736 2.098 - 513 . 589 683 .957 20 30.94 1.946 .190 .218 .253 .355 
7-5 11.60 3.147 1.09 1.25 1.45 2.03 30 46.42 2.919 -403 .462 .536 -752 
10 15.47 4.196 1.85 2.12 2.46 3.45 40 61.89 3.801 .687 .788 913 1.28 
15 23.21 6.295 3.93 4.50 5.22 7.32 50 77.36 4.864 1.04 1.19 1.38 1.94 
20 30.94 8.393 6.69 7.67 8.90 12.5 75 116.0 7.296 2.20 2.52 2.93 4.10 
25 38.68 10.491 10.1 11.6 13.4 18.8 100 154.7 9.728 3.75 4.30 4.98 6.99 
30 46.42 12.589 | 14.2 16.3 18.8 26.4 125 193.4 12.160 5.66 6.50 7.54 10.6 
28 | 2.3333 2 3.004 0.724 0.066 0.075 0.087 0.122 60 5.00 10 15.47 0.788 0.032 0.036 0.042 0.059 
5 7.736 1.809 358 -410 .476 .667 20 30.94 1.576 114 131 151 212 
7-5 11.60 2.714 -758 : 1.01 1.41 30 46.42 2.3604 .241 .277 321 .450 
10 15.47 3.618 1.29 1.48 1.72 2.41 40 61.89 3.152 411 471 .547 706 
15 23.21 5.428 2.74 3.14 3.64 5.10 50 77.36 3.940 621 713 .827 1.16 
20 30.94 7.237 | 4.66 5.35 6.20 8.69 75 | 116.0 5.910 | 1.32 1.51 1.75 2.45 
25 38.68 9.046 7.05 8.08 9.37 13.1 100 154.7 7.880 2.24 2.57 2.98 4.18 
30 46.42 | 10.855 9. 11.3 13.1 18.4 125 | 193.4 9.850 3.39 3.89 4.51 6.32 
30 | 2.5000 5 7.736 1.576 0.256 0.293 0.340 0.477 66 5.50 10 15.47 0.651 0.020 0.023 0.026 0.037 
10 15.47 3.152 .923 1.06 1.23 1.72 20 30.94 1.302 .072 .082 .095 .133 
15 23.21 4.728 1.96 2.24 2.60 3.65 30 46.42 1.954 152 174 .202 283 
20 30.94 6.304 3.33 3.82 4.43 6.21 50 77.36 | 3.256 -391 448 -520 -728 
25 38.68 7.880 5.03 5.78 6.70 9.39 75 116.0 4.884 .828 .949 1.10 1.54 
30 46.42 9.456 7.06 8.10 9.39 13.2 100 154.7 6.512 1.4! 1.62 1.88 2.63 
35 54.15 | 11.032 9.39 10.8 12.5 17.5 125 | 193.4 8.140 2.13 2.44 2.84 3.97 
40 61.89 | 12.608 | 12.0 13.8 16.0 22.4 150 | 232.1 9.769 2.99 3.43 3.97 5.57 
36 =| 3.0000 5 7.736 1.094 0.105 0.121 0.140 0.196 72 6.00 10 15.47 0.547 0.013 0.015 0.017 0.024 
10 15.47 2.189 .380 436 .505 .708 25 3.68 1.368 -O71 081 -094 -132 
15 23.21 3.283 .804 .923 | 1.07 1.50 50 77.36 | 2.736 .256 -293 -340 477 
20 30.94 4.378 1.37 1.57 1.82 2.56 75 | 116.0 4.104 .542 .621 -721 | 1.01 
30 46.42 6.567 2.90 a: ae 3.86 5.41 100 154.7 5.472 -923 1.06 1.23 1.72 
40 61.89 8.756 4.95 5.67 6.58 9.22 125 193.4 6.840 1.40 1.60 1.86 2.60 
50 77.36 10.944 7.48 8.58 . 9.95 13.9 150 232.1 8.208 1.96 2.24 2.60 3.65 
| 60 92.83 13.133 | 10.5 12.0 13.9 19.5 175 270.8 9.576 2.60 2.98 3.46 4.85 
The Scobey Formula 
Pipe inside | Discharge in| Velocity Loos of head in fest I red C. Scobey,* Senior Irrigation Engineer of the Division 
diameter | - Tunica | in feet per 1000 feet of pipe (k,) of Agricultural Engineering, U. 5S. Department of Agriculture, 
Cubic | Million per offers the following formulas which he says “include viscosity 
feet | gallons | .ocond ; tig ae 0° Fr - <ieiy 
Inches, Feet | _ per chen (0) corgo | cmgo | cm120 | c=200 influence for a temperature of 15° C. (59 F.) and differentiate 
(D) |second| hours between various types and classes of sheet and plate metal pipe 
by means of coefficients, which are themselves constant through- 
7% | 6.50 25 | 16.16 | 0.753 | 0.021 | 0.025 | 0.028 | 0.040 out the whole range of sizes and velocities for a given class of 
50 | 32.32 | 1.507 .077 .089 103 144 ie 
75 48.47 | 2.260 .163 . 188 217 .305 pipe : Sie 
100 64.63 3.014 .278 .319 -371 -519 Kev 
150 96.95 | 4.520 .590 .677 - 785 1.10 hf = wy 
200 129.3 6.027 1.01 1.15 1.34 1.87 is 
250 | 161.6 7.534 1.52 1.74 2.02 2.83 L 
300 | 193.9 | 9.061 | 2.13 2.44 | 2.83 | 3.97 hf*™D 
84 7.00 25 16.16 | 0.650 0.015 0.017 0.020 0.028 v= en 
50 32.32 | 1.209 054 .062 072 100 Ke °™ 
75 48.47 1.949 .114 .131 .1§2 .212 ‘ 8 Py! 
100 64.63 | 2.598 .194 .223 .258 .362 where /f = Loss of head in feet due to friction per 1000 feet 
150 96.95 | 3.808 411 472 547 -767 of pipe 
200 129.3 5.197 .701 .804 .932 1.31 wer . ° ° 
250 | 161.6 | 6.496 | 1.06 1.22 1.41 1.98 D = Mean inside diameter of pipe in feet. 
300 | 193.9 | 7.795 | 1.48 1.70 1.98 2.77 v = Mean velocity of the water in feet per second. 
K a Bi e's : 
9 | 7.50 as | 16.16 | 0.566 | 0.011 | 0.012 | 0.014 | 0.020 Ks = General coefficient. (K’s is this value for new 
50 32. 1.132 .038 044 .OSI .072 pipe. ) 
75 48.47 | 1.698 -081 | + .093 -108 i Scobey limited his study to pipe of nominal size, four inch 
100 64.63 | 2.264 .139 .159 185 -259 ond ‘2 . nel 1 tl 7 lg ete af oft ales wall te 
150 96.95 | 3.305 294 337 .301 .548 and larger, and assumec that tne interior of all pipe wou ye 
200 | 129.3 4.527 -¥ .574 .666 ty chemically protected with a coating which would form the true 
300 | 193.9 791 I. 1.22 1.41 I. . : hax ON cies ; et eae » fe 
ce Lake | oe oe oo Hy 337 interior surface, at least during the first years of the life of 
the conduit. 
% | 8.00 25 16.16 | 0,497 | 0.008 | 0.009 | 0.010 | 0.014 He divides sheet and plate metal pipe into three major classes: 
50 32.32 | 0.995 -028 -032 -037 -052 : Aa : ae , ney 
100 64.63 | 1.989 101 -116 135 .189 Class 1—‘“Full-riveted” pipe, having both longitudinal and 
150 96.95 | 2.984 -215 24) 2 -400 i seams he yv one ore lines ivets with projectin 
iar | oe 368 = “786 ‘0 girth seams held by one or more lines of rivets with projecting 
300 =| 193.9 5.968 715 .889 | 1.03 1.44 = 
400 | 258.5 7.958 1.32 1.5! 1.76 2.46 *United States Department of Agriculture Technical Bulletin 
500 | 323.2 9.947 2.00 2.29 2.65 3.72 No. 150 “The Flow of Water in Riveted Steel and Analogous 
Pipes” (1930). 
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are for new pipe. Concerning the deterioration of carrying 
capacity with age, Scobey states: 
“Tt has long been appreciated that all metal pipe deterio- 
rates in carrying capacity; the rate of decrease being de- 
pendent on the efficiency of the pipe coating, the composi- 
tion and treatment of the pipe material, and the activity of 
the water conveyed in the pipe. Filtered and treated water 
causes less deterioration than raw water. Long lines deterio- 
rate more rapidly at the upper ends than at the lower ends, 
“So far as available data indicate, the increase in the value 
of Ks with age, is expressed by the formula: 
Ks = K’ se" 

e — Base of Naperian logarithms (2.7183). 
t = Age of pipe in years. 

When ¢ is zero, then Ks becomes K’s.” 

[Note: Tables showing various values of Ks and correspond- 
ing losses of head at various velocities and also values of v*° 
have had to be omitted. For a copy of these address National 
Tube Co., Pittsburgh, Pa., asking for Technical Bulletin No. 21. 
—Ed.] 

Fig. 36, which was taken from United States Department of 
Agriculture Technical Bulletin No. 150, will be found useful 
in making estimates and preliminary studies. It gives the rela- 
tion between discharge, pipe diameter, velocity, and loss of head 
for various values of the coefficient Ks. Values of Ks for ages 
of 0 to 50 years corresponding to various values of K’s are 
also given. 

The lower age diagram on the chart is based on the formula 
Ks= K’se’""t and is to be used for aggressive waters. The 
upper age diagram is based on the formula Ks= K’se*”? and 
is intended for use where the waters are known to be non- 
aggressive. 

The following example will illustrate the method of using this 
chart : 


where 
























Q 
2500-f-4006 
22004-3000 y 
ysoot 
DS. 2000 * a oit a2 
be & KerKe* 
ms *. : L 
r 4000 > 03 
seor ~~ sow 7 
7 ‘\ 2 Los 
se b 4 5 
400 > . 8.4 23 as 
' %. .. -£ 
2004 300 5-300 x }-0.6 
S $200 - ok Far 
S : 200 0.8 
100-}- 15. \ r 
E 0.9 
1 £ 3 so N = 
> Eo 2 . 
¥ 5 F OS s" % r 
$ Es 2 © 8 100 = 4 
Ss $7 ‘ nist 
2 }so § > > 
c + $ @6 ° °° b 4 r © 
S&S fa 8 tS 2 oS r © 
~ © 3 5-60 Q +. © 
8 —— ~ Ss . 2 
% 230 ¢ me so-S a | pS & 
<i. on ee ee ng F OR 
2 En = 3 as é: 2g r 
j S 5) =— 
g o- Ry Ss 2 79 Fy 
te § - _ . +S ES 
& tne g . $ * < pS 
ov Ff en Se ra UF's 
18 x i) 
Sy at Sis re rs 2 
§ rh e C $ 
§ = Ss a 4 
3 Ii Sy. Es 
S fs we ey NE 
23 3 ’- s Tr’ 
E 3 wok 8 
7. Hes S 9 
3 iJ 6 Po - 
me & 3 —10 
F & “fs ; 
r g 4 3° r 
, ‘é . 
asst & 3 0? C's 
+ 0s - r 
L = 
Pos & : 20 
+ “a N * +2 4 
adios - 
pm Ozs E30 
5 
- 





Ko Kens! 


lig. 36—Chart Showing Relation Between Discharge Pipe 
Diameter, Velocity, and Loss of Head for Various Values of 
the Coefficient Ks and Ks: in Scobey Formula 


Table 21 


Special Losses of Head in Terms of v’/2g (From Hydraulics, 
by Ernest W. Schoder and Francis M. Dawson—Second 
Edition, 1934, with Modifications) 








: Loss of head as 
Nature of special resistance decimal or multiple 
of »2/2g* 
Entrance 
Square-ed entry. Upstream end of pipe perpendic- 
ular rage flush with inside face of reservoir wall 0.50 


Projecting pipe at entry or re-entrant pipe end....... 1.00 


We COUNT GET. o's sis ocncecsccacsedcngencor tence 0.02 to 0.05 
Curves and Fittings 
Easy curves or bends of very large radius, and smooth 
inside, of same inside diameter throughout as the 
pire line. ; : 
xcess loss over same length of straight pipe...... 0.05 to 0.15 


90-degree curves, fairly smooth, same inside diameter 
as pipe; " 
Radius of center line=diameter of pipe Fp 0.50 
Radius of center line=2 to 8 times diameter of pipe 0.25 
90-degree common screw end pipe elbows, short turn, 
ee ee 
Tees, common screw end, full-size branch, flow devi- 
ES oo oon it noes cse va tie Roab eae unas 1.50 
Square elbow (intersection of two cylinders, corner not 
rounded at outside or inside of curve.)............ 1.25 


Obtuse-angled elbows, (deflection of pipe less than 90 
degrees); multiply values for square elbow or 90- 
deflection, degrees\ 2 


90 degrees 


Water Meters (Subject to much variation) 
Disk or ‘‘wobble-disk"’ type................0eeeeeee0- 3.4 to 10 
Rotary type (star or cog-wheel-shaped disk as piston) 10 
Reciprocating piston type (like a piston pump)....... ‘ 15 
Turbine-wheel type (double flow, balanced).......... 5 to7.5 


Diaphragm and Orifice Meters 
Diaphragm of thin material across pipe, with concen- 
tric hole, or an inside projecting washer or gasket, 
or a “‘burr’’, due to cutting pipe with a wheel 
cutter: : 
Diameter of hole=o.91 Xdiameter of pipe......... 
Diameter of hole=o.80Xdiameter of pipe......... 


(Note that v?/2g in this particular case refers to 
pipe, not to the area of opening, nor to the con- 
tracted stream through opening.) 


0.75 


degree curve by 


eb 
Se 


Nozzles 


Nozzles: when the coefficient of velocity and discharge 
ranges from 0.99 to 0.975, the loss of head ranges 


0.02 to 0.05 (Where 
v is the velocity of 
the issuing jet) 














*Note: Except where otherwise noted, v is the mean velocity in the pipe. 


Assume that it is desired to know what conditions will pre- 
vail in a pipe line constructed of full-riveted pipe (Class 1b) 
after carrying aggressive waters for a period of 25 years. 

From page 45 the coefficient Ks for new pipe of Class 1b is 
found to be 0.44. On the lower age diagram follow the diagonal 
line representing Ks= 0.44 (at 0 age) until it intersects the 
horizontal line representing an age of 25 years. From this point 
of intersection proceed vertically on the dashed line - (which 
represents Ks = 0.64) until it intersects the slope line of 1 foot 
per 1000 feet of pipe. From this point follow the guide lines to 
the vertical base line. Using this point (marked on the chart 
by a circle) as a pivot, a straight edge will give simultaneous 
values of discharge (Q) diameter (D or d) and velocity (v). 
This is illustrated by dashed lines for 20 feet and 4 feet inside 
diameter pipe. The dashed line through the pivot point and the 
point representing pipe of 20 feet inside diameter shows that a 
discharge of 2250 cubic feet per second and a velocity of 7.2 
feet per second can be expected. The other dashed line through 
the pivot point and through the point representing pipe 4 feet 
inside diameter indicates a discharge of 36 cubic feet per second 
and a velocity of 2.8 feet per second. 


Special Losses of Head 


Curves, elbows, tees, meters, enlargements, contractions, etc., 
in a pipe line cause losses of head, which, if of consequence, 
must be allowed for in addition to the loss of head ordinarily 
encountered in straight pipe of uniform cross section. 

Special losses may be expressed as equivalent lengths of 
straight pipe which would cause the same loss of head, or as 
decimals or multiples of v*/2g, where v is the mean velocity in 
the pipe. For any particular special fittings, experiments show 
that the loss of head is not in all cases a constant fraction of 





















112 


WATER WORKS AND SEWERAGE DATA 








Table 21—Concluded 
Special Losses of Head in Terms of v*/2g 





Loss of head as 
decimal or multiple 


Nature of special resistance 
of »2/2g* 





Venturi Meter Tubes 


Venturi meter tubes: the loss of head occurs mostly in 
and downstreamwards from the divergence, the 
loss between upstream end and throat being only 
0.03 to 0.06 Xv?/2g, where v is the throat velocity. 
The total loss through the meter is: "aT 

7°10 | Where » is 

the throat 
velocity 


For total angle of divergence= +5 degrees....... 
For total angle of divergence= +15 degrees...... —to 


(The lower values go with large throats, and the 
larger values with small throats whose diameter is 
from 4 to % the diameter of the pipe.) 


Sudden Enlargement 


Sudden enlargement, from a small pipe ending abrupt- 
ly where a larger pipe begins, is found to involve 
loss of head fairly close in accordance with Borda's 
Formula which is: 


Loss of head = (?1—%2)" 
3g 
(Note that this is not the difference of the velocity 
heads, but is the head corresponding to the differ- 
ence of the velocities.) 
The above-stated formula may be written: 
4,\8 2 
Loss of head = (-3) °1 or for a circular 
A 2 2g 
or square pipe: 
d, 2i2 v? 
Loss of head= | 1—[{ > X — where 4,, 
qd, 28 
v, and d, refer to the smaller upstream pipe, 
while the subscript 2 refers to the larger down- 
stream pipe. 


Sudden Square-Edged Reductions 


Sudden square-edged reductions in pipes. When the 
sudden reduction of pipe is very large, say 
d,/d,=0.1, the loss of head is practically as given 
for square-edged entry, i.e., loss of head =0.4003/2g. 
For smaller reductions the value of K is smaller, 
but the experimental data of Weisbach (1855) and 
Brightmore (1907) do not agree. For ratios d2/d,= 
0.5, 0.75, and 0.9 the value K is about 0.33, 0.20 and 
0.08, respectively. In this case the subscript 2 refers 
to the smaller downstream pipe, and K is the factor 
which, multiplied by v3/2g, gives the loss of head. 














*Note: Except where otherwise noted, the » is mean velocity in the pipe. 


*/2g, but that the fraction varies somewhat with the velocity. 
For most practical purposes, however, the values given in 
21 may be relied on as safe average values. 


Water Hammer 


When a valve in a water line is closed while the water is 
flowing, the velocity of the water upstream from the valve is 
reduced and a dynamic pressure is exerted in addition to the 
normal static pressure. This dynamic pressure, commonly called 
“water hammer,” is the result of the transformation of the 
kinetic energy of the moving mass of water into pressure energy 
which expends itself (unless relief devices are provided) by 
compressing the water and stretching the pipe walls. When a 
valve is closed suddenly, the magnitude of the dynamic pressure 
produced is frequently much greater than the static pressure 
on the line, and may cause fracture of the pipe or fittings. 

Starting at the suddenly-closed valve, a wave of increased 
pressure is transmitted back through the pipe with constant 
velocity and intensity. When the pressure wave has traveled 
upstream to the end of the pipe, where there is a reservoir or 
large main, the elasticity of the compounded water and of the 
expanded pipe reverse the flow and a wave of normal pressure 
travels downstream, the flow being progressively reversed as the 
water expands. 

If the water were incompressible and the pipe inelastic, the 
instantaneous closure of the valve would create an infinite pres- 
sure. Since it is impossible to close a valve instantaneously, it 
is apparent that a series of pressure waves is created, causing 
an increased pressure at the valve. If the valve is completely 
closed before the first pressure wave has time to return to the 
valves as a wave of low pressure, the pressure increases con- 
tinually up to the time of complete closure and the resulting 
pressure is just the same as if the valve had been instanta- 





neously closed. The velocity of the pressure wave depends upon 
the ratio of wall-thickness to inside pipe diameter and on the 
modulus of elasticity of the water and of the pipe material 
according to the formula: 

12 


BE ee ree ee Mes Sea: 





/ w 1 d 
— jnitiuniionen -} oman 
/ 9g Ew Ept 


The head due to water hammer in excess of normal static 
head is proportional to the destroyed velocity and to the velocity 
of the pressure wave along the pipe. Since the intensity of the 
excess head depends upon the destroyed velocity, the same 
excess pressure is produced by suddenly reducing the velocity 
from 6 to 3 feet per second, as by entirely stopping a velocity 
of 3 feet per second. The excess head due to water hammer js 
given by the formula: 
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where S= Velocity of pressure wave along pipe in feet per 


second. : 
w = Weight of water in pounds per cubic foot. 








h = Head due to water hammer (in excess of static head). 
g = Acceleration of gravity. 

t= Wall-thickness of pipe in inches. 

d = Inside diameter of pipe in inches. 


Ep = Modulus of elasticity of pipe material in pounds per 
square inch. 
—" of elasticity of water in pounds per square 
inch. 
v = Destroyed velocity in feet per second. 
3y inserting values for g, w, Ew and Ep the two formulas 
may be simplified. Thus, if 
g = 32.174 feet per second per second. 
zw = 62.4096 pounds per cubic foot (at 50° F.) 
Ew = 300,000 pounds per square inch. 
Ep = 29,000,000 pounds per square inch (for steel pipe) 
the formulas reduce to: 


Ew 
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If the flow is not checked rapidly, so that the wave from the 
first movement of the valve has time to travel upstream to the 
end and back again several times while the valve closing is m 
progress, the excess pressure is greatly reduced. Therefore, it 1s 
advisable to use slow closing valves or to provide air chambers 
or surge tanks in the line to absorb the shock due to water 


hammer. 


Measurement of Flowing Water 


Pitot Tubes 


Pitot tubes are used to measure the velocity of flowing water. 
Such a tube consists essentially of a vertical tube, the lower end 
of which is bent at 90° so that its open end is directed against 
the current. The velocity of the flowing water causes the water 
to rise in the vertical leg of the pitot tube a distance above the 
free surface of the stream equal to the velocity head. 

When a pitot tube is inserted into a pipe carrying water 
under pressure, the water will rise in the vertical leg of the 
tube a distance equal to the sum of the pressure head and the 
velocity head at the point where the tube is inserted. If a 
piezometer tube is tapped into the wall of the pipe at substan- 
tially the same point, the water will rise in this tube a distance 
equal to the pressure head at that point. The difference in the 
levels of the water in the two tubes will therefore be equal to 
the velocity head in the pipe at the point where the tubes are 
inserted. Fig. 37 shows such an arrangement. The height of 
the water in the pitot tube is equal to the sum of the pressure 
head, hp, and the velocity head, hv. The height of the water 
in the piezometer tube is equal to the pressure head, hp. The 
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37—Pitot Tube 
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Direction of flow 








difference in the height of the water in the two tubes is there- 
fore equal to the velocity head, hv. 

Mercury columns or manometers may be used, 
water column, to determine the pressures. 

In order to determine the discharge by use of a pitot tube, 
the cross section of the stream or pipe must be divided into 
one or more known areas, the velocity for each found, and 
hence the mean velocity of the entire cross section. The dis- 
charge is then found by multiplying the cross-sectional area 
by the mean velocity. In a straight length of pipe which extends 
upstream about 50 diameters from place of measurement with- 
out tees, valves, etc., the distribution of velocities is normal. 
Where normal distribution of velocities prevails, the ratio of 
mean velocity to center velocity (called the pipe coefficient) 
averages about 0.83. 


instead of the 


Venturi Meters 


The Venturi meter was invented by Clemens Herschel and 
was named by him for the inventor of the principle involved. 
It may be used to measure the discharge of water or other 
fluids contained in pipes which run full and under positive 
pressure. 

The Venturi tube consists of a converging cone of steep 
taper, a diverging cone of more gradual taper, and a short 
cylindrical section called the throat, which connects the two 
cones at their smallest diameters. The essential parts of a 
Venturi meter are shown in Fig. 38. In this figure /, represents 
the pressure head in the pipe upstream for the Venturi meter, 
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Fig. 38—Venturi Meter 


hz the pressure head at the throat, and hs the pressure head in 
the pipe downstream from the Venturi meter. The difference 
between hf; and hz is hf and is the loss of head due to friction 
in the Venturi tube. The loss of head in a Venturi tube is 
usually quite small (see Table 21). Where the recovery of 
pressure is not important the converging cone may be very 
short or may even be omitted, forming a Venturi nozzle. 


Since the quantity of water flowing past any cross section of 
the tube is the same at any instant, the velocity at the small 
cross section of the throat will be greater than in the large 
cross section of the pipe upstream from the Venturi tube. 


This greater velocity in the throat is obtained at the expense 
of the pressure head, so that hz is less than Mi. The dotted line 
in the figure represents the approximate hydraulic grade line 
and indicates the loss and recovery of pressure from fh; to As. 


The relation between the flow through a Venturi tube and 
the difference in pressure between the inlet and throat is given 
by the formula: 


. /___2gha _ 2qha 
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where Q = Discharge in cubic feet per second. 

D, = Inside diameter of pipe in feet. 

D:= Inside diameter of throat of Venturi tube in feet. 

A, = Cross-sectional area of inside of pipe in square feet. 

Az = Cross-sectional area of inside of throat of tube in 
square feet. 

g = Acceleration of gravity = 32.174 feet per second per 
second. 

ha = Differential head in feet of water = hi — he. 

Cv = Discharge coefficient of Venturi tube which varies 
from about 0.95 to 0.995. 

The pressure differences (4:1—h:z) may be measured by a 
simple glass U-tube containing mercury. Commercial Venturi 
tubes are usually provided with two annular chambers connected 
by vents with the inlet and throat, respectively, to obtain correct 
average pressures at these points. Various types of indicating, 
recording and integrating meters may be obtained for use with 
commercial Venturi tubes. 


Pipe Orifices 


Orifices in diaphragms inserted between pairs of flanges in 
straight portions of pipe lines have been found to be reliable 
measuring devices. The diaphragms are usually of thin non- 
corrodible metal and the orifices are accurately machined to 
size and beveled on the downstream side to keep the working 
edge thin. 

Fig. 39 shows the essential parts of such a device. Two 
piezometer tubes are attached to the line, one at a distance of 
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Fig. 39—Pipe Orifice 
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upon the pressure. The rate of flow is a function of the differen- 
tial pressure as indicated by the formula: 


5 2gha : } _2gha i 
Q=CoAry/ “an fed} =CoA:? i= (7) 
A, dD, 


O = Discharge in cubic feet per second. 

D, = Inside diameter of pipe in feet. 

D.= Diameter of orifice in feet. 

A, = Cross-sectional area of inside of pipe in square feet. 


where 


Az = Cross-sectional area of orifice in square feet. 
g = Acceleration of gravity = 32.174 feet per second per 
second. 


ha = Differential head in feet of water = hi — he. 
Co = Discharge coefficient = about 0.606 for D:/D, from 
0.10 to 0.75. 












































one pipe diameter upstream and the other one-half pipe diameter 
downstream from the plate. Either a differential gage, as shown 
in the figure, or open water columns may be used, depending 


ee 





diameter of the pipe. The loss of head in the pipe orifice js 
quite large and it is less reliable than the Venturi meter. 


Water Power 


The total available power of flowing water is given by the 
formula: ; 





- 


H.P. = Cunt = 0.113472 OH 


Je 


H.P.= Horse Power. 

Q = Discharge in cubic feet per second. 

H = Total available head in feet. 

w — Weight of one cubic foot of water (at 50° F, — 

62.4096 pounds). 

The total head may be made up of velocity head, pressure 
head, and potential head, or head due to actual height above 
the datum plane. Fig. 40 illustrates the three components of 
the total head. 

The value of the velocity head is given by the expression: 
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where 















































: hv=— 
a | 29 
: where hv = Velocity head in feet. 
fe v = Mean velocity in feet per second. 
g = Acceleration of gravity = 32.174 feet per second per 
| second. 
a eee x Table 22 
2 Horsepower for Various Heads of Water 
Horse power for 1 cu. ft. of water per second under heads of 
1 to 2,000 ft. Based on an efficiency of 80 per cent and weight 
of water at 50°F. = 62.4096 Ib. per cubic foot. 
hp (Horse power per cubic foot of water per second = 
H 62.4096 x 0.80 x H 
= 0.0907776 H). 
550 
Head Head Head Head 
= : Horse . Horse : Horse . Horse 
in nt power a power io power in foot power 
a JY 
iil I 0.0907776 170, 15.4322 420 38.1266 925 83.9603 
Direction of flow 2 - 181555 180 16.3400 430 39.0344 950 86.2387 
3 - 272333 190 17.2477 440 39.9421 975 88 . 5082 
4 . 363110 200 18.1555 450 40.8499 1000 90.7776 
5 . 453888 210 19.0633 460 41.7577 1050 95.3165 
6 . 544666 220 19.9711 470 42.6655 1100 99.8554 
7 -635443 230 20.8788 480 43.5732 II50 104.394 
8 . 726221 240 21.7866 490 44.4810 1200 108.933 
9 .816908 250 22.6044 500 45 . 3888 1250 | 113.472 
he 10 -907776 260 23.6022 525 47.6582 1300 118.011 
20 1.81555 270 24.5100 550 49.9277 1350 122.550 
30 =| 2.72333 280 25.4177 575 52.1971 1400 | 127.089 
40 3.63110 290 26.3255 600 54.4666 1450 131.628 
50 4.53888 300 27.2333 625 56.7360 1500 136.166 
60 5.44666 310 28.1411 650 59.0054 1550 140.705 
70 | 6.35443 320 29.0488 675 61.2749 1600 | 145.244 
Datum plane 80 | 7.26221 330 29.9566 700 =| 63.5443 |] 1650 | 149.783 
90 8.16998 340 30.8644 725 65.8138 1700 154.322 
se 7 100 9.07776 350 31.7722 750 68.0832 1750 158.861 | 
Fig. 40—Total Head 110 | 9.98554 360 32.6799 775 70.3526 1800 | 163.400 | 
7 ba ; . ; : 120 |10.8933 370 33.5877 800 72.6221 1850 | 167.939 
The orifice should be placed in a straight section of hori- 130 [11.8011 380 34.4955 825 | 74.8915 || 1900 172.471 
zontal or vertical pipe and should be located as far as possibte mwn4 13 bee = 1 aa pa or = |e 
from bends, fittings, and valves. The diameter of the orifice 160 |14.5244 410 37.2188 900 =| _ 81.6998 ey Ae 
should not be greater than 75 to 80 per cent of the inside 
Table 25—Pressure Equivalents 
es - 
Pounds Pounds Kilograms Inches of Feet of Feet of 
Units per square per square per square | mercury at water at water at Atmospheres 
inch foot centimeter 32° F. 39.2° F. 62° F. 
1 pound per square inch = I. 144. 0.0703067 2.0360 2.30671 2.30934 0.068044 
I pound per square foot =| 0.0060444 3; 0.0004882 0.014139 0.016019 0.016037 0.0004725 
I ounce per squareinch | = 0.0625 9. 0.0043942 0.12725 0.144169 0.144334 0.0042528 
1 kilogram per squarecentimeter =| 14.2234 2048.17 :, 28.9582 32.8092 32.8467 0.967820 - 
1 kilogram per square meter = 0.0014223 0.204817 0.0001 0.00289058 0.0032809 0.0032847 9.678 X10 
1 inch of mercury at 32° F. =| 0.49117 70.7285 0.034533 5. 1.13299 1.13428 0.033421 
I inch of water at 39.2° F. =| 0.036127 5.20222 0 .0025399 0.073552 0.083333 0.083428 0.024582 
1 inch of water at 62° F. =| 0.036085 5.19628 0.0025370 0.073468 0.083238 0.083333 0.0024554 
1 foot of water at 39.2° F. =| 0.43352 62.4266 0.030479 0.88262 z: 1.00114 0.029498 
1 foot of water at 62° F. =| 0.43302 62.3554 0.030444 0.88162 0.99886 :. 0.029465 
I atmosphere =| 14.6063 2116.27 1.03325 29.9210 33.9001 33.9388 2: 
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Table 26—Rate of Flow Equivalents 


















































is 
ee 4 
1 British ; 
: Cubic feet | Cubic feet gallons gallons ——— Liters Acre-feet | Acre-feet 
le Units per second | per minute pe r gallons pe — . 
minute 24 a fo 2m minute our 24 hours 
1 cubic foot per second =| 1. 60. 448.831 646 317. 373.729 1698.98 0.082645 1.98347 
1 cubic foot per minute =! 0.016667 Zs 7.48052 10 771.9 6.22882 28 . 3163 0.0013774 | 0.033058 
1 U. S. gallon per minute =] 0.0022280 | 0.13368 t. 1440. 0.83267 3.78533 | 0.0001841 | 0.0044192 
1 U.S. gallon per 24 hours =| 1.547X10*| 9.283X10- 0.0006944 I. 0.0005782 0.0026287| 1.279X10-7| 3.069 X104 
1 British Imperial gallon 
‘ per minute =| 0.0026757 0.16054 1.20005 1729.37 2. 4.54601 | 0.000221I | 0.0053072 
; 1 liter per minute =| 0.0005886 | 0.035315 0.26418 380.416 | 0.21997 I. 4.864X10>| 0.001167 
1 acre-foot per hour =|I2.1 726. 5430.86 7 820 434. 4522.13 20 557.6 ZL. 24. 
. 1 acre-foot per 24 hours oy 0.50417 30.25 226.286 325 851 188 . 422 856.567 0.041667 Z. 
E 
f 
Table 26—Volume and Capacity Equivalents 
United British . : 
Units States lmperial Liters —— a son Acre-feet 
gallons gallons ee incnes 
| 1 United States gallon =| 1. 0.832672 3-78533 0.133681 231. 3.069 X 10-6 
1 British Imperial gallon =| 1.20005 s. 4.546001 0.160544 277.420 3.686X10% | 
| x liter = 0.264177 0.219973 I. 0.035315 61.0250 8.107 X 10-7 
1 cubic foot =| 7.48052 6.22882 28.3163 I. 1728. 2.2906 X 105 
| y cubic inch “7 4.329 X10 3.605 X 10-3 0.016387 5.787 X 10-4 “A 1.329 X 10-8 
| x acre-foot =| 325 851. 271 328. I 233 456. 43 560. 75 271 680. | I. 
| rinch deep on I acre =| 27 154.3 22 610.6 102 788. 3 630. 6 272 640. 0.083333 | 
| rinch deep on I square mile =| 17 378 743. 14 470 801. | 65 784 344. 2 323 200. 4 014 489 600. | 53.3333 
1 meter deep on 1 hectare =| 2 641 705. 2199675. | 9909 734. 353 145. 610 233 780. 8.10708 
| 1 centimeter deep on I square meter. = 2.64171 2.19967 9.99973 0.353145 610.234 8.107X10-% | 
| 1 pound of water at 39.2° F. =| 0.11983 0.099778 0.45359 0.016019 | 27.6805 3-677X10-7 | 
| 1 pound of water at 50° F. = 0.11986 0.099806 0.45372 0.016023 27.6880 3-678 X10-7 | 
| 1 pound of water at 62° F. =| 0.11997 0.099892 0.45411 0.016037 27.7121 3.682 X 10-7 
| 1 U.S. gallon per minute for 24 hours =| 1440. 1199.05 5450.88 192.5 332 640. 0.0044192 
| 1 cubic foot per minute for 24 hours =| 10 771.9 8 969.50 40 775.4 1440. 2 488 320. 0.033058 | 





























The pressure head is given by the expression: 
a 


hp=— 


w 


where /ip = Pressure head in feet. 
P = Pressure in pounds per square foot. 


The potential head or head due to height above the datum 


plane is he feet. 


The total head, H, is therefore: 
H=hyv _ hp he 


or 
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In any stream flowing steadily without friction, the total head, 
and the total amount of energy per unit of water, is the same 
at every point in the path of flow. 
in reality the law of conservation of energy applied to flowing 


w 


water, is known as Bernoulli’s Theorem. 


This principle, which is 


Table 22 gives the horse power for one cubic foot of water 


per second, under heads of 1 to 2000 feet, based on an efficiency 


of 80 per cent. The method of using this table is illustrated 


by the following example: 

Determine the horse power which can be developed by a flow 
of 60 cubic feet per second under a head of 200 feet. 

From the table the horse power for a discharge of one cubic 
foot per second under 200 feet head is found to be 18.1555. 
The horse power for a discharge of 60 cubic feet per second 
under 200 feet head is then: 


60 x 18.1555 = 1089.33 horse power. 


When the exact head is not given in the table the horse power 
may be found by multiplying the horse power for one foot 
head and one cubic foot per second (0.0907776) by the head in 
feet and then by the discharge in cubic feet per second. For 
example, the horse power which can be developed by a dis- 
charge of 45 cubic feet per second under a head of 105 feet 


will be: 


0.0907776 « 105 x 45 = 428.92 horse power. 
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PRACTICAL HYDRAULICS* 





By P. S. WILSON 
Consulting Engineer, Glen Ridge, N. J. 


|. The Sharp Crest Weir 


The so called Sharp Crest Weir is a very useful device for the 
measurement of water flowing in open channels or streams. A 
knowledge of the few simple rules governing the design and use 
of weirs will make it possible to measure the flow of water shed 
streams contributing to reservoirs, to estimate the overflow or 
leakage of dams and to make other measurements of use to the 
water works operator. 

3y a Weir is meant a bulkhead or dam over which the water 
flows, or more particularly, a notch in the top of such a struc- 
ture through which the water flows. As shown in the illus- 
tration (Fig. 1), it usually consists of a rectangular notch and 
it is then known as a Rectangular Weir. 

The Crest of a weir is the bottom of the notch, the level to 
which the water must rise before any can flow over. It is the 
edge or sill over which the water flows. A weir is a Sharp 
Crest Weir when the bottom edge of the notch, or the crest, is 
constructed so as to be as sharp as possible, flush with the up- 
stream face of the dam, and with the opening beveled or en- 
larged on the downstream side so that the stream of water as 
it passes through the opening will only touch the crest along 
one sharp edge, as shown in Fig. 2. In the laboratory the crest 
is kept as sharp as a knife edge. In practice the edge of a metal 
plate or angle iron, as shown in the illustration, is usually sat- 
isfactory unless extreme accuracy is desired. The upstream 
face of the weir should be vertical, and of course the crest 
should be exactly horizontal. 

The Head on a weir is the difference in elevation between 
the crest of the weir and the surface of the water in the pool 
upstream from the weir. With any given weir there is a fixed 
relation between the head and the amount of water being dis- 
charged, thus by measuring the head the discharge may be de- 
termined from the formula or table which applies to that par- 
ticular form of weir in use. 

The relation between the head and the discharge of a weir 
is different with different forms of crest and different shapes 
of notches. Different formulas must be used with such dif- 
ferent weirs. The reason for making a weir sharp crested is 
that by so doing a weir can be built which can be used for the 
measurement of water without the necessity for making spe- 
cial tests to determine what the formula is. The formula for 
rectangular sharp crest weirs is known, and it has been found 
easier to reproduce standard conditions by the use of the sharp 
crest design than with most other forms. Most weirs built for 
the measurement of water are therefore constructed as sharp 
crest weirs. 


Weir Formulas 


One of the most commonly used formulas for use with rec- 
tangular sharp crest weirs is known as the Francis formula, 
named for its originator, Mr. J. B. Francis, who performed 
extensive experiments on weirs at Lowell, Mass., in 1851. This 
formula is as follows: i 

O=-33 x LxXxh X Vb 

In this formula :— 

Q = Discharge of the weir in cubic feet per second. 

IL = Length of the weir crest in feet. 

h = Head on the weir in feet. 

Vh= The square root of the head in feet. The square 
root of the head is the number which, multiplied by 
itself, equals the head. 

(h X Vh is often expressed as h’/*, but it is more readily 
computed if considered in the form given above.) 

Example: A sharp crest rectangular weir is 5.00 feet long 
and has a head of 0.42 feet (5 inches) on it. 

(The square root of 0.42 is 0.65, because 0.65 x 0.65 = 0.42.) 

Q = 3.33 X 5.00 X 0.42 x 0.65 = 4.55 cu. ft. per second. 
The Francis formula given above is most accurate for heads be- 
tween about 0.30 feet and 2.00 feet. A small error in deter- 
mining the head makes such a large error in the discharge at 
very low heads, that for most practical purposes this formula is 
sufficiently accurate at all heads up to about 2.00 feet, and it 
is fairly accurate for higher heads also. The great advantage 
of the Francis formula is the fact that it is much simpler to 


*From WATER WORKS AND SEWERAGE, April and June, 1934. 


compute than most of the others. The principal other for- 
mulas are known as the Bazin formula, the Fteley and Stearns 
formula and the Rehbock formula. A complete treatise may 
be referred to for the details of these other formulas. 

For convenience the results of the computations from a weir 
formula may be arranged in a table, as shown in Table I. The 
discharge read from the table may be multiplied by the length 
(in feet) of any sharp crest weir to obtain the discharge, 





Fig. 1—Rectangular Sharp Crest Weir 


TABLE I—DISCHARGE OF A SHARP CREST WEIR PER FOOT 
OF LENGTH BY THE FRANCIS FORMULA 
Discharge per Foot of 
Length of Weir Expressed in 












Head Expressed in Cubic Feet Gallons 

“eet Inches per Second per Minute 
01 1% .0033 1.5 
02 4 .0094 4.2 
03 3g .0173 7.8 
04 1, .0266 11.9 
.05 5g -0372 16.7 
.06 3, 049 22.0 
.07 7% .062 27.7 
.08 1 .075 23.8 
.09 1% .090 40.4 
10 14 -105 47.2 
12 1% -138 62. 
.14 15 .175 78. 
.16 1% 213 96. 
18 2% .254 114, 
20 23% -298 134 
22 256 .344 155 
.24 2% -392 176 
26 3% 441 198 
.28 336 49 222 
.30 358 .55 246 
oo 3% .60 271 
34 4% 66 296 
.36 43, 72 323 
.38 4% 26 350 
.40 434 84 378 
42 5 91 407 
44 514 97 436 
.46 5% 1.04 467. 
.48 534 1.11 497. 
50 6 1.18 530. 
55 656 1.36 610. 
60 74 1.55 690. 
65 7% 1.75 780. 
70 83g 1.95 870. 
45 9 2.16 970. 
80 95g 2.38 1070. 
85 1014 2.61 1170. 
90 10% 2.84 1270. 
95 113¢ 3.08 1380. 

1.00 12 3.33 1500. 

‘esd A 
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Fig. 2—Cross Section Rectangular Sharp Crest Weir 
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|. The End Contractions of a Weir 


There are two methods of constructing the ends of the weir. 
The first of these is shown in Fig. 3 and results in what is 
known as a weir with end contractions. In this design the sharp 
crest of the weir as formed by the bottom of the notch is con- 
tinued up the ends of the notch, thus forming sharp edged ends 
for the weir. The water in flowing around these sharp cor- 
ners then follows a course very similar to that taken in flow- 
ing over the edge of a sharp crest. In flowing around the edge 
from behind the weir it cannot change direction sharply and 
it curves inward toward the center of the weir contracting the 
stream as shown in the illustration. 

The other method of designing the ends of the notch is to 
build it so that it extends the full width of the stream at that 
point, allowing the sides of the channel to form the ends of 
the notch and continue upstream at that width for a short dis- 
tance, at least. An example of this method of construction is 
shown in Fig. 4. When so built it is known as a weir without 
end contractions because the water in this case flows straight 
over the crest, the stream continuing full width all the way. 
The weir thus consists of a simple dam or bulkhead across the 


channel. 

It may readily be seen that if two rectangular sharp crest 
weirs have the same length and are flowing under the same head, 
the one that has end contractions (Fig. 3) is not discharging 
as much water as the weir without end contractions (Fig. 4). 
It has been found by experimentation that with sharp edged 
ends and a wide channel above the weir, so that the over-fall- 
ing stream is fully contracted, the effect on the discharge of 
the weir is the same as if the length of the weir were reduced 
by a distance equal to one-tenth (0.1) of the head at each 
end of the weir. 

For example: A sharp crested, rectangular, vertical weir 
is three feet long and the ends are so constructed that the flow 
will be fully contracted. If the head is one foot, then the ef- 
fective length of the weir is reduced by one-tenth of a foot at 
each end making its effective length (3.0 — O.z) = 2.8 feet— 
a reduction in capacity of about 7 per cent from the capacity it 
would have had without end contractions. Failure to make this 
correction might constitute a rather serious error. 

If the head on the same 3 foot weir were only 0.1 foot in- 
stead of 1.0 foot (or if the length of the weir were increased 
to 30 feet with a head of 1.0 feet) then in either case the re- 
duction in effective length would be only about 0.7 per cent which 
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Fig. 3—Weir with End Contractions 























Fig. 4—Weir Without End Contractions 


would be a negligible error except in the most precise measure- 
ments. 

It is thus seen that the importance of making the correction 
for end contractions depends upon the relative head and the 
length of the weir. If the head is more than one twentieth (5 
per cent) of the length then end contractions will require a 
correction of more than 1 per cent and should certainly be ac- 
counted for. 

Weirs are seldom operated in practice under a head suffi- 
ciently great in proportion to the length that the correction for 
end contractions is of importance. In such cases it is evident 
that it does not matter how the ends of the weir are built. 
Many weirs under practical conditions are built so that they 
do not have theoretically sharp edged ends and yet neither 
are they ended against the sides of the stream channel. The 
ends may merely be formed by the wood or masonry of which 
the dam bulkhead is built. In such cases we know that there is 
some end contraction but we do not know how much. Such a 
weir should be checked up to determine whether the end con- 
traction correction would be of importance if it were complete. 
If it is found that the relation between the maximum head and 
the length of the weir is such that the correction would not be 
of importance (less than 1 per cent), then we know that it does 
not matter what it actually is and it can be neglected. It is 
found that the end contraction correction is of importance they 
either it must be estimated or else actual measurements of the 
flow must be made to determine what the correction actually 
should be. Usually it can be estimated. It is a help in esti- 
mating to actually observe the form of the stream during dis- 
charge of the weir. 

If the relation between the length of the weir and the head 
is to be such that the end contraction correction will be of im- 
portance then the weir should, if possible, be built either with 
full contractions or with none at all so that the correction will 
be definitely known. 

A weir may be built with a sharp edge on one end only so 
that the end has a full contraction and so that the other end 
has no contraction. The correction in such a case is, of course, 
only one-tenth of the head to be subtracted from the weir 
length. 
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WATER WORKS AND SEWERAGE DATA 































When the flow of a fluid in a pipe line is altered by some 
obstruction such as a valve or fitting, the velocity is changed, 
turbulence is magnified and a drop in pressure results. 


EXAMPLE: THE DOTTED LINE SHOWS THAT 
THE RESISTANCE OF A 6" STD.SHORT RADIUS! | 
ELBOW |S EQUIVALENT TO IG FT.OF 6"STD, 
PIPE. 
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Fig. 16—Resistance of Valves and Fittings to Flow of Fluids 
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RESISTANCE OF VALVES AND FITTINGS TO FLOW OF WATER* 


pressure drop may be insignificant in long lines where it is 
very small in comparison to the total drop, but when the line 
is short the pressure drop through valves and fittings becomes 


NOTE: FOR SUDDEN ENLARGEMENTS 
OR CONTRACTIONS, USE THE SMALLER 
DIAMETER, d, ON THE PIPE SIZE SCALE, 
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PRESSURE DROP, POUNDS PER SQ. IN. PER 1000 FT. OF PIPE 
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TABLE I—FLOW OF WATER THROUGH STD. W.I. OR STEEL PIPES IN FAIR CONDITION 
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WATER WORKS AND SEWERAGE DATA 





a major item in the total pressure drop value. 

The most widely used data on the subject of the resistance of 
valves and fittings to the flow of water and steam is the infor- 
mation given in Dean Foster’s paper on “Effect of Fittings on 
Flow of Fluids Through Pipe Lines” published in Vol. 42, 
1920, of the Transactions of the American Society of Mechan- 
ical Engineers. Recently, tests conducted by others have indi- 
cated that the values given by Foster are low for globe valves, 
angle valves, etc., and that data is needed to establish the cor- 
rect information to use. It has been the tendency, and probably 
is the most practical way, to present the friction values in terms 
of an equivalent length of the same size of pipe; ie., the 
pressure drop caused by a 2-inch elbow is equivalent to approxi- 
mately the pressure drop caused by five or six feet of 2-inch 
pipe under the same conditions of flow. 

Realizing the need for definite data covering this subject, 
Crane Co. has recently conducted pressure drop tests on valves 
and fittings on both water and steam. These tests were made 
on 2 inch and 6 inch sizes and conducted under conditions 
which were thoroughly investigated previous to the tests. The 
results of these tests are presented herewith together with a 
description of the method used in conducting them. 

| Note-——Water and steam can be treated comparatively and 
a relation can be established between the relative friction values 
of water and steam. Foster has stated that the equivalent 
length of pipe for steam flow is about .8 of that established 
for the flow of water. |] 


*From Crane Co.’s “‘Engineering Data on Flow of Fluids in 
Pipes’—Technical Bulletin No. 405—1935. Parts dealing with 
steam pressure losses have been omitted.—Ed. 





Friction Losses of Water Line Valves and Fittings 


The tests for determining the pressure drop of valves and 
fittings installed in a water line were made in the following 
manner : 

A flow nozzle was installed in a 3 in. test line leading from 
the bottom of a 1,000 gallon water tank. A mercury manometer 
was set across this nozzle and the relation of mercury deflection 
to the gallons of water per minute flowing through the pipe 
was determined. The flow through the pipe was thereafter 
noted only in terms of mercury deflection which was readily 
transposed into gallons per minute by reference to the cali- 
bration chart. 

The valve or fitting to be tested was placed in the line at 
some distance from the flow nozzle and the flow water through 
it was regulated by a throttling valve situated at the outlet of 
the line. The pressure drop was measured by means of a mer- 
cury manometer, or where the deflection was too great, by two 
sensitive low pressure gages, the leads of which were situated 
in the test line at a distance of ten pipe diameters (20 in.) 
from each end of the valve or fitting on test. The initial 
pressure at the inlet of the test line was kept corstant at 80 
pounds per square inch and the various rates of flow produced 
by throttling the outlet of the test line. 

After the data was obtained the means of presenting it in its 
best form was investigated. In any pressure dron tabulation, 
the values for the fittings and valves in the line are added to 
the pressure drop of the entire length of line. Therefore, it 
‘seemed reasonable to disregard the pressure drop caused by 
the length of the valve or fitting and just list the pressure drop 
which was added to the line due to the presence of the article. 

For instance, if a valve 4 in. face to face is installed in 
a line 30 in. long, the actual pressure drop through the valve 
will be the total pressure drop minus the pressure drop caused 
by 26 in. of pipe. However, in a practical problem this value 
will be added to the pressure drop caused by the total length 
of the line which will give a pressure drop value slightly 
higher than the actual. This may not be so noticeable with 
one or two valves or fittings in the line, but where the number 
runs up into 10 or 20 the added drop may be considerable. 

This “No-length” concept was established and has been used 
before with reference to elbows in “The Friction of Water 
in Pipes and Fittings” by F. E. Giesecke, University of Texas 
3ulletin No. 1759. 


Resistance in Terms of Equivalent Pipe Length 


From data given in the tests conducted by Crane Co. and 
also from information gathered from authentic sources, Fig. 
16, has been prepared which gives the equivalent length of pipe 
to produce the same pressure drop as a valve or fitting. This 
additional pipe length should be added to the length of the line 
in order to determine the total pressure drop. 










The equivalent length of pipe has been based upon the pres- 
sure drop values given in Table I for the flow of water in 
pipes and upon the following coefficients of 

ye | H,= Loss of head in ft. 
H; = k ——{ k = Coefficient 
2g | V =Vel. in ft. per sec. 
|2¢ = 64.4 


Type Coefficient Authority 
Globe valves........ 10 Crane Tests 
Angle Valve........ 5 Crane Tests 
Return Bend....... 2.2 
OE ao Secesebigndl as 18 Giesecke & Bladgett—Texas College 
Short Radius Elbow .9 Géiesecke & Bladgett—Texas College 
Med. Radius Elbow  .75 & Crane tests 
Long Radius Elbow  .00 Bulletin No. 2712—U. of Texas. 
Gate Valve (Open) .19 Bulletin No. 252—U. of Wis. (Ay.) 
i Cites... 5.5. 1.15 Bulletin No. 252—U. of Wis. (Av.) 
Be Clostd. «sess 5.6 Bulletin No. 252—U. of Wis. (Av.) 
34 Clesed........ 24.0 Bulletin No. 252—U. of Wis. ( Av.) 
Borda Entrance..... .83 “Hydraulic” Daugherty (Average) 
Sudden Enlargement 
d/D — \........ 92 “Hydraulics” Daugherty 
d/D — ¥&........  .56 “Hydraulics” Daugherty 
OIE —— Shoes since 19 “Hydraulics” Daugherty 
Ordinary Entrance... .5 “Hydraulics” Daugherty 
Sudden Contraction 
GID = Yicvceccs 42 “Hydraulics” Daugherty 
d/D = &........ 33 “Hydraulics” Daugherty 
ti | es 19 “Hydraulics” Daugherty 
AS” EIBOW w... «oxen ve 42 Bulletin No. 2712U. of Texas 


v 
One Method of Eleminating Dead Ends 


A means of eliminating dead ends of water mains where 
there are two types of water service, has been developed by 
Morris R. Sherrerd, Chief Engineer, New Jersey State Water 
Policy Commission. 

The lower part of the illustration shows how by having a 
short gated connection between the two services, and by running 
the main around the block or square without using a cross fit- 
ting, dead ends are eliminated. 
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GOLDEN-ANDERSON VALVE SPECIALTY CO. 


1350 Fulton Bldg. 
PITTSBURGH, PENNA. 






























THRU-FLOW 
CONE VALVE 


Afford full pipe line 
flow without friction 
loss. Always oil lubri- 
_ cated. Axially unseats 
before it rotates with- 
out friction, rub or 
wear. Especially de- 


ALTITUDE CONTROL 
VALVE 


Assures uniform water 
level in tanks, standpipes 
and reservoirs. Suitable 





for use in single or two- 
way line service. Heavy 
internal bronze mounting 
and air and water cush- 
ioning makes valve inde- 
structible. Sizes to 24”. 


sirable for sewage dis- 
posal service. 





CONTROLLING FLOAT 
VALVE 


Ideal for heaters, vats, tanks, 
etc. Valve entirely self-con- 
tained and operates without 
water spill. Sensitive in opera- 
tion and indestructible due to 
air and water cushioning and 
heavy bronze mountings. Sizes 
to 24”: 


THRU-FLOW PLUG 
VALVE 


Furnished all sizes for lever 
or handwheel control. Axially 
unseats and rotates without 
rub or wear. Easy to operate 
‘ under hydraulic pressures. 
Furnished for any liquid serv- 
ices with round port opening. 





WATER REDUCING 
VALVE 


Assures positive control 
of low pressure. Air and 
water cushioning prevents 
shock or hammer. Sup- 
plied with single or dual 
pilot controls for any 
service. Sizes to 24”. 


NON-RETURN VALVE 


Protect life and property 
against boiler tube ruptures; 
also, furnished in Triple Act- 
ing style to protect against 
steam line breaks. Supplied for 
low and high pressure steam 
service. Sizes to 12” in angle, 
globe or elbow patterns. 





ENGINE STOP VALVE 


The most efficient and de- 
pendable automatic stop valve 
to prevent overspeeding of tur- 
bines, engines, etc. Automat- 
ically tripped by mechanical or 
electrical control. Furnished 
angle or globe patterns to 12” 






WATER STRAINER 


Large capacity with 






minimum friction loss. 
Strainer basket quickly ac- 
cessible and easily cleaned. 
Basket mesh furnished fo 
suit any service conditions. 
Sizes to 24”, 












sizes. 































































ATLANTA, GA., W. D. Taulman, 
179 Spring St., S.W. 
CHARLOTTE, N. C., T. C. Heyward, 
Independence Building 
CHICAGO, ILL., A. F. Barron, 
59 East Van Buren Street 
CLEVELAND, OHIO, Tomlinson-Mac- 
Lachlan, Inc., 1603 St. Clair Ave. 
DENVER, COLO., Mountain States 
Machinery Co., 1526 Blake St. 
DETROIT, MICH., DuBois Company, 
2832 E. Grand Blvd. 


PRODUCTS: 


6749 Upland Street, Philadelphia, Pa. 


SIMPLEX 


HOUSTON, TEXAS, M. N. Dannen- 
baum Co., 1001 Shell Bldg. 
KANSAS CITY, MO., Butters Pump 
& Eq’p’t Co., 200 Pickwick Hotel 
LOS ANGELES, CALIF., Ralph W. 
Lawton, 137 N. Van Ness Ave. 
LOUISVILLE, KY., R. M. Overstreet, 
1441 So. 4th Street 
MILWAUKEE, WIS., F. H. Dorner, 
1107 E. Knapp Street 
MINNEAPOLIS, MINN., Kent-Ervin 
Engr. Co., 732 Builders Exch. Bldg. 


REPRESENTATIVES 


NEW ORLEANS LA., A. C. Hays, 
1415 Carondelet Bldg. 


NEW YORK, N. Y., W. K. Sowdon, 


342 Madison Avenue 


OMAHA, NEBR., 


0. 


F. Barklage 


& Co., Keen Hotel Bldg. 


ROCHESTER, N. Y., A. L. Covill, 
1041 Granite Bldg. 


SALT LAKE CITY, 
Painter, 149 W. Second South St. 





Simplex Venturi Type Meters for Measurement of Water, Sew- 
age, Sewage-Sludge, and Air; Filter Rate of Flow Controllers; 


Loss of Head and Rate of Flow Gauges; 


Pitot Tubes and 


Manometers; Portable Pitot Recorders; Water Level Gauges; 
Air Release and Air and Vacuum Valves; Proportional Chem- 
ical Feeding Devices; Sewage Aerators; Rotary Distributors; 
Hydraulic Equipment of Special Design. 


SIMPLEX METER REGISTERS: 


Primarily designed for use with Venturi tubes, Simplex 
meter registers can, when necessary, be operated by pitot 
tubes, orifices, etc. They are adapted for use in measuring 
liquids and gases under all pressure conditions and are par- 
ticularly adapted for the measurement of raw water; filtered 
water; raw sewage; screened sewage; digested sludge; air; 


oil; etc. 


Simplex meters are noted for their adaptability to 


operate under small Venturi heads and to measure accu- 
rately the lowest flows corresponding to water differentials 
from one-eighth inch and upward. 


Particularly designed to measure accurately the slightest 
change in rate of discharge over a wide measuring range, 
Simplex meters can be furnished to either indicate, record, 
or totalize the flow or in any combination of these functions. 


Each instrument has included with it as a standard item 
of equipment a device whereby its accuracy and sensitivity 
of response may be checked at any time, during its period 


of service. 





UTAH, C. E. 


SIMPLEX VALVE & METER COMPANY 





SAN FRANCISCO, CAL., Water Ww 
. rk 
Supply Co., 501 Howard St. es 


SEATTLE, WASH., Palmer 5, 


upply 


Co., 222 Westlake Ave. North 


TULSA, OKLA., McGregor Engineer. 


ing Co., P. O. Box 1141 


EL PASO, TEXAS, LeRoy G. Hetrick 
209 Mills Building ‘ 


TORONTO, ONT., CANADA, Simplex 


Valve & Meter Co. of Canada, Ltd, 





SIMPLEX FILTER RATE OF FLOW 
CONTROLLERS: 
Provide an efficient device for the operation of gravity or 


pressure filters which maintain the rate of discharge through 
the bed at a constant regardless of variations in pressure or 


Partial Capacity List of Venturi Tubes and Simplex Meter 













































































Registers 
Dia. Catalog Cold Water 
a _ gallons per day 
n. : —_—— 
eos Ordering Maximum Minimum 
ee rare Free 
BE UE Pk acedcscossdowsnedl Ube daudiarnn nee 
2 DS a ee, Se 
_ aA 2x 1% £96204066nehenensl teeeane tase 
BEL... J owtened ovens Hee swt Cones ans open 
3 ee i Seer reer ee 
Le 8x 1% | SEPSererrrrrreres mnie 
ae Seyret ree 
4 ae, Se rrr rere ec ee 
4x 2 ___—-356,000 18,000 
a 5x 1% 265,000 13,300 
5 5x 2 348,000 17,500 
«= 5x 2% - 555,000 28,800 
Poke 6x 2% 547,000 27,400 
6 6x 2% 665,000 33,500 
_ 6x 3 800,000 40,000 
ad 8x 3 780,000 39,000 
8 8x 3% 1,000,000 50,000 
—— 8x 4 1,420,000 71,000 
10x 4 1,400,000 70,000 
10 10x 5 2,220,000 111,000 
_ 10x 6 3,320,000 166,000 
12x 5 2,220,000 110,000 
12 12x 6 3,320,000 160,000 
= 12x 7 4.480,000 224,000 
14 14x 6 3,170,000 160,000 
sf 14x 7 4,360,000 220,000 
16x 7 4,300,000 216,000 
16 16x 8 5,680,000 285,000 
16x 9% __ 8,300,000 415,000 
1 18x 9 7.200,000 360,000 
8 18x10 9,000,000 450,000 
20x10 8,900,000 445.000 
20 20x12 13.300,000 666,000 
20x13 16,000,000 800,000 
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eee 
water level, utilizing as an operating means only the pressure 


effect of the water flowing through the filter effluent line. 


Simplex controllers operate with the lowest obtainable head 
losses when wide open; attain the highest degree of accuracy 
in control without the use of compensating mechanisms; and 
are capable of covering the largest possible ratio from maxi- 
mum to minimum rates with any given size of unit; avoid 
the use of any electrical mechanisms in their operation; start 
quickly from a wide open position and take the rate for 
which set in less than fifteen seconds. 

The Simplex, direct-acting controller is arranged for either 


straight-through, right, or left-hand outlet as may be desired. 





SIMPLEX FILTER GAUGES: 


These may be had in many combinations of Indicating 
Recording and Totalizing, both the Rate of Flow and the 


Loss of Head. 

They are mercury float operated, the Simplex Bell Shaped 
Float is utilized in the Rate Gauge which provides uniform 
graduations of flow on both the Indicating Dial and Record- 
ing Chart. 

Also available for measuring depth of water in clear wells, 
sedimentation basis, etc., A-C Simplex water float operated 
gauges which may be furnished in both Indicating and Re- 
cording or combined types. 

Simplex gauges are dependable, accurate and easily in- 
stalled—a high grade quality product made with precision 


and care. 


SIMPLEX AIR RELEASE AND 
AIR AND VACUUM VALVES: 


In the design and 
operation of large 
steel pipe lines flow- 
ing under gravity, 
consideration should 
be given to the pos- 
sibility of collapse in 
case, for any reason, 
the internal pressure 
is reduced below that 
of atmosphere. A 


number of serious 





failures have been 





caused by the neglect to provide adequate means to prevent this 
possibility. 


Simplex Air and Vacuum Valves are used on large mains 
where there is danger of collapse due to vacuum, the valve 
breaking the vacuum preventing collapse. They facilitate the 
filling of the main, since wide open until full of water. They 
4”, 6”, 8”, and 10”. 


The 214” size is furnished with a screw thread base for nipple 


are made in the following sizes: 214”, 


connection to the main pipe line. The 4” to 10” sizes are de- 
signed for a flange connection as illustrated. This may be 
either low pressure or heavy pressure A. S. M. E. drilling. 
Usual practice requires the attaching to the air and vacuum 
valve of a Simplex air release valve so as to vent any small 


accumulation of air which may be entrapped in the pipe line. 


Simplex Automatic Air Release Valves have been designed 
to release Automatically accumulations of air. They possess 
the merits of continuous operation without attention; sim- 
plicity; compactness; accessibility; and low cost; all of which 
are proved by over fifteen years satisfaction to many users. 
Located on the high portions of the line, they insure auto- 


matic venting of the line and a continuous flow. 


SIMPLEX PITOT TUBE RECORDERS: 

For use with Simplex Round or Flat Pitot Rods—afford not 
only a record of velocity but can be furnished with pressure 
elements to give simul- Ty 


taneous readings of ve- 


locity and pressure. 


This equipment may 
also be used for Water 
Waste Surveys or for 
flow 


conducting water 


investigations. 


Indispensable to water 
works engineers for de- 
termining character of 
the flow in the mains 
of the distribution sys- 


tem. 





SIMPLEX SEWAGE EQUIPMENT: 
The Simplex Valve & Meter Company is the Eastern dis- 


tributor for the Simplex Ejector & Aerator Corporation, Chi- 


cago, manufacturers of a complete line of sewage treatment 


equipment, including screens; clarifiers; mechanical surface 


aerators, for activated sludge plants; revolving sewage dis- 


tributors; ejectors; and, as well, the newly-developed Sim- 
plex Aero-Filter. Competent engineers are at your service 


to assist you in your problems. 


















































R D \\ (LOO) CO 400 CHESTNUT STREET 
* . 3 PHILADELPHIA 


ESTABLISHED IN 1803 





SAND-SPUN PIPE 


Centrifugally Cast in Sand Molds for 
High Strength 


“Sand-Spun” pipe is fundamentally differ- 
ent from pit-cast pipe in its manufacture and 
in its properties. It is cast in heated, spinning 
sand-lined molds. This process eliminates 
chilled iron, hardness, and brittleness, and pro- 
duces a pipe with few impurities, great elas- 
ticity, and high tensile strength. The metal is 
close grained and ductile, making drilling and 
machining easy. 

“Sand-Spun” pipe conforms to American 
Water Works Association and American Gas 
Association standards for Bells and Beads. It 
is available in unlimited quantities in sizes up 
to 30”, in bell and spigot, plain ends, raised 
ends, grooved ends, and with mechanical joints. 


FITTINGS 


Bell and Spigot or flanged fittings made to 
American Water Works Association specifica- 
tions. 

Special castings, flexible-joint pipe, and large 
loam castings. 


Cast iron culvert pipe. 





Highly Recommended for 
WATER, GAS, LIQUIDS, SEWERS 




















The continuous shocks caused by present-day heavy traffic 
on hard surfaced streets require a pipe more resistant to 
shock. Thus we show here an illustration of the elasticity or 
bending quality of SAND-SPUN pipe. This 16-foot section 
bent more than 3 inches without damage. 


WORKS, FLORENCE, N. J. 














































Reduced Fittings: Condensed design of bells 
and spigots, interchangeable with A. W. W, A. 
standard, A. G. A. standard, and N. E. W. W. 
A. standard. They effect savings in weight, 
space, freight, and handling. 


GATE VALVES 


Every element in the design and construc- 
tion of “Wood” Gate Valves is based on the 
fact that reliability is their all-important qual- 
ity. Interruptions in service are fire hazards, 
or perils to health, or both. 


“Wood” Valves, therefore, are primarily 
simple in design, rugged in construction, fully 
bronze mounted, and tested to twice their 
working pressures of 175 pounds. They fully 
meet specifications of American Water Works 
Association, with these two added features: 


1. There are no pockets to fill with sediment 
or scale to make the valve jam. 


2. The tapered seats, with double discs to 
assure tightness, are never rubbed or scraped 
by the discs, because the mechanism drops into 
place before it is spread by 
outward pressure from the 
center. This protects the 
seats against wear and 






abrasive action. 


Wood gate valves 
available in every size. 


In closing, the gates lower 
out of the bonnet across the 
flow of water before the 
spreading action begins. The 
center or “hub” of the 
spreader then presses out- 
wards against the discs on 
each side of the trunnions, 
creating a uniform pressure 
and a perfect adjustment 
against the seats. In opening, 
the spreader moves away 
from the discs, letting them 
fall free before lifting. 















R. D. WOOD CO. 


MATHEWS FIRE HYDRANTS 


The Mathews Hydrant has been a leader for 
more than 60 years. Over 350,000 are in use. 
They have never changed in basic design, and 
the newest Mathews is interchangeable with 
the oldest. 

Yet the Mathews Modernized Hydrant is 
the one hydrant best fitted to meet today’s re- 
quirements. Not only is it simple in design, 
thoroughly protected against rust, and unusu- 
ally strong in all its parts, but the protection- 
case construction offers three distinct ad- 
vantages: 

1. It prevents frost-swollen ground from 
heaving the hydrant, loosening it from the 
main, breaking it away from the main, or 
cracking the hydrant itself. It is only natural 
that tightly packed soil lifts under the action 
of frost, and may hoist the hydrant several 
inches out of position. But in the case of 
Mathews Hydrants, this upward pressure is 
exerted only on the sliding protection case. 
Frost cannot heave the hydrant itself and 
leaves it without strain at the level it was set. 


It makes the hydrant far stronger. Not 
only is the full barrel-strength increased by 
the shock-resistance of the sand-spun protec- 
tion case, but the hydrant is not weakened by 
any theoretical breaking point. 

The protection case allows all working 
parts to be unscrewed and lifted out as a unit, 
whether broken by traffic, in need of overhaul, 
or for replacement by the modernized type. It 
is never necessary to dig up a Mathews Hy- 
drant, for even grade-changes can be met by 
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MODERNIZED: 


replacing the barrel with one of the proper 
length. 


Products by R. D. Wood Co. 


Reduced Fittings 
Oval-Seal Fittings 
Cutting-In Specials 
Drips and Syphons 
Large Loam Castings 
Gay Iron Castings 
Hydraulic Machinery 
Hydraulic Operating 
Valves 
Automatic Gas 
Producers 
Blast Furnace Gas 
Washers 


Mathews Fire Hydrants 

Gate Valves 

Air Valves 

Foot Valves 

Check Valves 

Valve Boxes 

Indicator Posts 

Floor Stands 

“Sand-Spun” Pipe 

Pit Cast Pipe 

Oval-Seal Meechanical- 
Joint Pipe 

Standard Fittings 


The Modernized Mathews also has the ad- 
vantage of the new Swivel Flange which per- 
mits facing the nozzles in any direction, and 
the Shield Operating Nut which prevents rain 
and sleet from seeping in and freezing around 
the operating nut. 


And remember: Traffic- broken Mathews 
Hydrants can be replaced without digging or 
This is a real economy to 


breaking pavement. 
any municipality. 











WATER WORKS AND SEWERAGE DATA 





Definitions and Values 
(Adopted by the Hydraulic Society) 


Efficiency, Hydraulic (Symbol en).—The ratio of the use- 
ful power delivered in the water at the point of discharge where 
measured to the power delivered to the water by the impeller 
at the point of exit from the impeller. 


Efficiency, Mechanical (Symbol em).—The ratio of the 
water horsepower to the horsepower required to drive the pump. 


Efficiency, Overall (Symbol e).—Comprises all the losses 
in the pump and the driver, and indicates the economy of the 
entire unit. 


Head, Total Dynamic (Symbol T.D.H.).—Total dynamic 
head is the vertical distance between the source of supply and 
point of discharge when pumping required capacity, plus fric- 
tion entrance and exit losses. 

Total dynamic head, as determined on test, where suction 
lift exists, is the reading of a mercury column connected to 
the suction nozzle of pump, plus the reading of a pressure 
gauge connected to discharge nozzle of pump, plus vertical 
distance betwen point of attachment of mercury column and 
center of gauge, plus excess, if any, of velocity head of dis- 
charge over velocity head of suction as measured at points 
where the instruments are attached, plus head of water resting 
on mercury column, if any. 


Total dynamic head, as determined on test, where suction 
head exists, is the reading of a gauge attached to the discharge 
nozzle of pump. minus the reading gauge connected to the 
suction nozzle of pump, plus or minus vertical distance between 
centers of gauges (depending on whether suction gauge is 
below or above discharge gauge) plus excess, if any, of velocity 
head of discharge over velocity head of suction as measured at 
points where instruments are attached. 


Total Dynamic Discharge Head is the total dynamic head 
minus dynamic suction lift, or plus dynamic suction head. 


Head, Static (Symbol H:s).—Static head is the vertical 
distance between the free level of the source of supply and to 
the point of free discharge, or to the level of the free surface 
of the discharge water. 


Head, Velocity (Symbol Hv).—The velocity head (some- 
times called “Head due to Velocity”) of water moving with a 
given velocity is the equivalent head through which it would 
have to fall to acquire the same velocity; or, in other words, 
the head necessary merely to accelerate the water. Knowing 
the velocity, we can readily figure the velocity head from the 
simple formula: 

Ss 


h=— 
2g 


in which “g” is acceleration due to gravity, or 32.16 feet per 
second; or, knowing the head, we can transpose the formula to 


V = V 2gh, and thus obtain the velocity. 


The velocity head is a factor both in figuring the total head 
from construction data and testing. 

When estimating the total dynamic head of an installation, 
the head equivalent to the velocity of the water leaving the end 
of the discharge pipe line must be added to the static and 
friction head. 

When testing a pump, certain velocity head corrections must 
be made, depending on the average velocity at the point where 
pressure readings are taken. The customary method of testing 
is to use a mercury column for obtaining the suction lift and a 
gauge to indicate the discharge or suction head, with gauge 
connections at or close to the pump openings. 

The mercury column at the suction will show the dynamic 
suction head at the point of gauge connection. Included in this 
dynamic suction head is the velocity head as represented by the 
average velocity at that point. 

The discharge gauge will show the dynamic pressure head at 
the point of gauge connection. 


PUMPS 


The sum of the two gauge readings, corrected to the same 
elevation, will give the total dynamic head produced by the 
pump, provided water flows at the same average velocity at 
the point of attachment of suction gauge as of discharge gauge. 
This condition will exist when suction and discharge openings 
are of equal size. 

If the discharge pipe is of smaller diameter than the suction 
pipe, which is often the case, then it will be necessary to add 
to the total head, as shown by the gauges, the difference jn 
velocity head between that of the discharge and that of the 
suction pipe at the point where gauges are connected. 


If the discharge pipe is larger than the suction pipe, the 
difference in velocity head must be subtracted from the total 
head. 


Velocity ft. per second 1 2 3 4 5 6 7 


Velocity head in ft. awe 6 4M 3B FD Sa 
Velocity ft. per second 8 8.5 9 9.5 10 105 
Velocity head in ft. io ti2 12 4 155° am 
Velocity ft. per second i 6S 12 13 1445 
Velocity head in ft. 187 205 224 262 305 
Horsepower, Brake (Symbol b-hp.).—The actual horse- 
w-hp 
power required at the pump shaft to drive the pump = ———, 
em 


Brake horsepower is not applicable to direct-acting steam pumps. 


Horsepower, Indicated (Symbol i-hp.).—The horsepower 
developed in the steam or liquid end calculated from indicator 
cards. 


Suction Head (sometimes called head on suction) exists 
when the pressure measured at the suction nozzle and corrected 
to the center line of the pump is above atmospheric pressure. 


Suction Head Dynamic, where static suction head exists, 
is the vertical distance from the source of supply, when pump- 
ing at required capacity, to center of pump, minus velocity head 
minus entrance, friction and velocity losses; but not minus 
internal pump losses. 


Suction head dynamic, as determined on test, is the reading 
of a gauge connected to suction nozzle of pump, minus vertical 
distance from center of gauge to center line of pump. Suction 
head, after deducting the various losses, may be a negative quan- 
tity, in which case a condition equivalent to suction will prevail. 


Suction Head Static exists when the source of supply is 
above the center of pump and is the vertical distance from the 
free level of the source of supply to center of pump. 


Suction Lift—Suction lift exists when the suction meas- 
ured at the pump nozzle and corrected to the center line of the 
pump is below atmospheric pressure. 


Suction Lift Dynamic, where static suction lift exists, is 
the vertical distance from the source of supply, when pumping 
required capacity, to center of pump, plus velocity head, plus 
entrance, friction and velocity losses, but not including internal 
pump losses; where static suction head exists but where the 
losses exceed the static suction head the dynamic suction lift 
is the sum of the velocity head, entrance, friction and velocity 
losses, minus the static suction head, but not including internal 
pump losses. 

Suction lift dynamic, as determined on test, is the reading of 
a mercury column connected to suction nozzle of pump, plus 
vertical distance between point of attachment of mercury column 
to center of pump, plus head of water resting on mercury 
column, if any. 


Suction Lift Static exists when the source of supply is 
below the center of pump and is the vertical distance from the 
free level of source of supply to center of pump. 


Viscosity is that property of a liquid which resists any 
force tending to produce flow. Viscosity is a property inde- 
pendent of specific gravity. 
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WATER WORKS AND SEWERAGE DATA 





In the past few years there has been a rapid change from 
steam to electrically driven centrifugal pumps, especially in the 
smaller water works plants. The many advantages of electric 
power are coming to be more and more realized, but unfor- 
tunately in many cases a full knowledge of the nature of cen- 
trifugal pumps does not seem to have accompanied their adop- 
tion. It is economy of the highest order, therefore, to secure the 
advice of a competent engineer before purchasing any centrifugal 
pumping equipment. 

Centrifugal pumps are designed to operate under fixed condi- 
tions, and any appreciable change from design conditions will 
result in decreased efficiency. 

Installations have been found where pumps were working 
against more than the design head, or against less than the de- 
sign head, or with the discharge or suction partly closed to 
control the rate of discharge. Or pumps have been installed 
without knowledge that the friction head is a part of the total 
head against which the pump operates. All of these factors ad- 
versely affect the performance of the equipment to such an extent 
that the cost of efficient machinery is often wasted every few 
months through inefficient operation. Also, accidents can occur 
to equipment in operation which decreases its efficiency. 

For some time the writer has felt that some simple method 
should be available to the average water works operator whereby 
he could check up on his pumps. Table 1 was worked up for 
personal use, but may prove to be of interest. A slide rule was 
used in its preparation, but it should be accurate to a fraction of 
1 per cent. With this table, it is believed that the work of secur- 
ing overall wire to water efficiencies will be reduced to a mini- 
mum. Table 1 shows the number of gallons pumped per kilo- 
watt hour against a given head, assuming the motor and pumps 
have efficiencies of 100 per cent. A rough check can be made 
by dividing a month’s pumpage in gallons by the kilowatt hours 
consumed. This gives the number of gallons pumped per kilo- 
watt hour. With the pump running, determine the average total 
head in feet (including suction) against which the pump works. 
From the table secure the number of gallons which would have 
been pumped at the head if the installation were 100 per cent 
eficient. Divide the number of gallons actually pumped per 
kilowatt hour by the theoretical value given in the table. This 
gives the overall wire to water efficiency of the installation. To 
illustrate : 

Assume a monthly pumpage of 18,620,000 gals., a total head 
of 200 ft., and a power consumption of 20,000 kilowatt hours. 
Dividing 18,620,000 by 20,000 we get 931 gals. per kilowatt hour. 
For 100 per cent efficiency the tables indicate that the discharge 
would be 1,592 gals. against a head of 200 ft. Dividing the 
actual discharge per kilowatt hour by the theoretical value we 


—= 58.5 per cent overall efficiency. 
1,592 


have: 





A more accurate method of making the tests is to measure the 
power input for an hour, or other convenient period of time. 
During this period measure the output of the pump with a 
pitometer, or any other suitable main line meter. Keep a close 
record also of the discharge pressure and of the suction. The 
integrations on most electric meters in pumping stations cannot 
be read closely enough for short tests. However, the power com- 
pany will furnish the number of watts consumed for each revo- 
lution of the disk, and by counting its revolutions for 10 or 20 
minutes the rate of power input can be closely ascertained. Or 
the power company might measure the power by means of special 
equipment. Where more than one pump is taking power through 
the master meter at the same time, this latter method is the only 
leasible one. 

To enter the tables, the total head in feet must be secured. If 
the pressure gauge reads in pounds, transfer the pressure to feet 
by multiplying the pounds of pressure by 2.31. The suction will 
probably be expressed in inches of mercury. Change this to feet 


*The Pitometer Co., New York City. 
'From WATER WoRKS AND SEWERAGE. 


SOME NOTES ON ELECTRICALLY DRIVEN CENTRIFUGAL PUMPS’ 
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of water by multiplying by 1.13. Also measure the vertical 
distance between the center of the pressure gauge and the point 
of suction measurement. The total head then becomes the addi- 
tion of: 


Discharges. presente, 10 16et i ooo.sok vin. o ks dancaweedoaes 


UGG. ND-SMDES > .5.555 FE Gleatek Peele ea een ci caeareuan 
Vertical distance pressure gauge (Is above point 
of suction measurement), feet ............2eceeeees 


Velocity head has been ignored, as it is a small factor for the 
relatively high heads which usually exist in water works opera- 
tion. 

If water is delivered to the pump under pressure, then the 
pump works against a head equal to the difference between the 
discharge pressure and the inlet pressure. 

From the data secured during the test, determine the gallons 
delivered per kilowatt hour. As before, divide this by the theo- 
retical value secured from the table for the head against which 
the pump worked. This gives the overall wire to water efficiency 
of the installation. 

As an example, let us assume an installation where we secured 
the following test data: 


Wie .. SEE BO) BRO 6 oe cc9'5 00 550 8ne sas aeten 90.0 
Rate Of GiIsGRALGS «nis oc c0cves sp asicceces> 0000000 See Bek per heuer 
Number of gallons delivered per K.w.h......... 572 








Table I—Gallons of Water Delivered per Kilowatt Hour Against 
Various Heads on Theoretical Assumption That Pump 
and Motor Are 100 Per Cent Efficient 


H = head in feet. G = gallons per kilowatt hour 





. : 
H ojnie iti sieiee G |\H| Gc |{H|/Glla/G|/H\c 





al aah a Halt ed Bel Sed eS) ak Be Sas tt Sak 2s 





51/6, 240/| 101/3, 1511| 151)2, 108!|| 201) 1, 583)| 251/1, 268)/301)1, 058) |351/907|/401/794//451|706 


2 |159. 100]! 52/6, 120]| 1023. 120] 152/2. 094|| 202|1, 575|| 252|1, 263||302|1, 054||352|904||402|792||452!704 
|| 1903/3. 090|| 153|2, 086]| 203|1, 567|| 253 


3 |106, 100]! 53)6,005|| 103 , 258 au 353 |902||403 |790| |453|703 
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= 














1 

1 

1 
4| 79,560), 54/5, 894|! 104)3, 060|| 154|2, 0@f|| 204/1, 560|| 254|1, 253 (304 1, 047||354|899|| 404)788||454)701 
5 | 63.650'| 55/5, 786|| 105)3,031)) 155/2, @83)| 205|1, 552|) 255)1, 248 /305|1, 044//355/897},#95)786)/455)700 
6 | 53,040) 56/5, 683)| 106|3, 002)! 1562, 40}! 206/1, 545)| 256]1, 243//306) 1, 040) /356)894 | |406|784)/456/698 
157|2.027)) 207|1, §37]) 257|1, 239)|307) 1, 037] (857/892) 407 |782)/457|697 
; 158}2, 014)} 208}1, 530|) 258}1, 234}/308} 1, 033/358) 889) /408}780) 458/605 
35,360|) 59/5, 394|| 109/2,920}) 159]2, 002) 2091, 523|| 259'1, 229//309| 1, 030||359/887|/409|778||459|604 


| | | | 
31.830|| 60/5,304|| 110'2,893|| 160]1, 989|| 210/1, 516|] 260}1, 2241/310/1, 027| 360'884||410}776| |460|692 
| 














7 | 45.460|] 57/5, 583|| 107|2. 974) 
39,780}; 58/5, 487|| 108)2. 947| 























28, 930|| 61/5, 217|| 1112, 867|| 161]1,977]| 211]1, 508!) 261/1, 220//311)1, 024 '361{882 411/775] |461/691 
12 | 26, 520|| 62/5, 133|| 12/2, 842|/ 1621, 965|/ 212)1, 501]| 262]1, 215]/312]1, 020|/362,879|/412|773] 462/689 





































































































































































































13 | 24, 480|| 63/5.051|) 113)2.816| 1631. 908 213/1,494]] 263/1, 211]/313)1, 017 [363 )877}|413/271|/463|687 
14 | 22,730]! 64/4, 972|| 1142, 7941] 164]1, 940}| 214]1, 487]| 264!1, 206||/314|1, 014]1364 875) |414]769]}464/686 
15 21, 220]| 65,4, 896|| 115)2, 766]| 165], 929)) 215)1, 480 265{1, 202||315|1, 011] /365 873||415|767||465/685 
16 | 19,890}| 66/4, 822)| 116/2, 744)| 166]1,917|| 216|1, 474 266(1, 197|/316|1, 007 366 870 416|765) 466/683 
v7 18, 720]| 67/4, 750|| 117/2, 720|| 167|1, 906|| 217/1, 467|| 267]1, 198)/317/1, 6o4||367 868) |417/763||467\682 
18 | 17, 680)| 68/4, 680|/ 118)2. 697|| 168]1, 894]| 218/1, 460 268! 1, 188}(318/1, 001|/368/865| 418 761}|468)680 
19| 16,750} 69]4, 611)| 11912, 674)/ 169]1, 883)) 219]1.453]/ 269]1, 184]/319) | 996}/369/663//419)7601 460/679 
20 15, 910|| 70/4, 547) 12012, 652|| 170/1, 872}| 220|1, 447|| 270|1, 179|)320| 995||370/860]/420|758||470\677 
21 | 15, 150|| 71/4, 482|) 121)2, 630]) 171)1, 861)| 221)1, 440)| 271/1, 175|/321) 992]/371/858)/421|756)/471/676 
22 | 14,470|) 72/4, 420)) 122)2, 609)) 172/1, 851]/ 222|1, 434)| 272\1, 170]|322) 989)|372 856||422/754|/4721675 
23 | 13, 830)| 73|4,360|| 123/2, $88)) 173/1, 840|| 223]1, 427 273|1, 168||323| 986||373|854||423)753||473|674 
24 | 13, 260|| 74/4, 301|| 124/2, 567|) 174|1, 829]/ 224/1, 421 274|1, 162 324) 982||374|851)/4241751| 474/672 
25 | 12,730|| 75/4, 243|| 1252, 546)) 175)1, 819|| 225]1, 414)| 275)1, 158)/325) | 979|/375)849)|425)749) 475/671 
26 | 12,240]| 76/4, 188|) 126'2, 526|| 176]1, 809|| 226]1, 408]| 276)1, 154|!326) 976||376/847)|426)747)1476|609 
27 | 11, 790|| 77}4, 133]) 127)2, 506|| 177]1, 798]] 27/1, 402|| 277|1, 150]|327) 973] |377|845) ,427|746)|477|668 
28 | 11,370|| 78/4, 080)| 128)2, 486]| 178)1, 788)| 228|1, 306)| 278/1, 146||328) | 970]/378|842||428)744)/478}666 
29 | 10,970|| 79]4,028)| 129)2, 467|| 179|1, 778) 229]1, 390|| 279/1, 142|/329] 968] |379}840/)429|742//479/665 
30 | 10,610|| 80)3,978|) 130/2, 448]| 1801, 768] 230|1, 384|| 280/1, 137||330 965 |/380'838] |430!740||480\663 
31 | 10,270} 81}, 929|| 131'2, 429|| 181]1, 753)) 231)1, 378)) 281)1, 133)/331) 962}/381|836) 431 )739) 481)662 
32] 9,945|) 82/3, 882|| 1392/2, 411]| 182]1, 749] 232]1,372 22/1, 129))332 959||382/833||432/737||482/660 
33} 9,644]| 83/3, 834|] 133]2,393]| 183]1, 739]| 233]1, 366] 283|1, 125]'333| 956]|383/831//433/736]|483/659 
34] 9,360}| 84/3, 789] 134)2,375]| 184]1, 729] 234)1,360]) 284)1, 121 ise 953 ||384 /829/|434|734|/484/658 
35} ©,093]} 85]3, 744|| 135)2,358]| 185/1, 720]} 235]1,354)| 285|1, 117]!335| 950|/385)827|/435|732||485|657 
36 | 8,840]| 863, 701|| 136/2, 340]| 1986/1, 711]] 236|1, 349]| 286)1, 113]/336) 947|'386/825)/436)730)|496)/655 
37| 8,601|| 87/3, 658) 137]2,323|| 187]1, 702]| 2837/1, 343]| 287|1, 109]}337| 945|'387/823)|437|729| 487/654 
38| ,375|| 88)3, 617|| 138}2,306)| 188]1, 693]/ 238]1, 337]/ 288]1, 105|/338] 942] |388/820) 438/727] /488/652 
39} 8,160]| 89/3, 576) 139]2, 292]| 189/1, 684]] 2391, 332|} 289)1, 102)|339] 939}/389/818) |439|725) 480/651 
40| 7,956]| 90)3, 536)| 140]2, 274] 1901, 675|) 240]1,326|| 290]1, 098)|340| 936]|390/816)/440/723]|490/650 
41} 7,762|] 91/3, 497|] 141]2, 257]] 191]1, 666] 241)1,320]| 291/1, 094]|341| 934)/391)814) 441/722] /491/649 
42| 7,577]| 92|3,458]] 142/2,241]/ 192/1, 658]| 242|1,315|| 292/1, 090||342| 931/|392/812||442|720)497/647 
43 | 7,401|| 93/3, 422] 143/2, 225]] 193/1, 649]/ 243/1,310]| 293/1, 087|/343] 929)/393/810)/443 646 
44| 7,233|| 94/3, 386|| 1453/2, 210]| 1941, 640|| 244]1, 304]| 294/1, 083||344) 926//394]807||444 

45| 7.072|| 95/3, 350|] 145|2, 195|] 195]1, 632]! 245/1, 299|] 295/1,079]|345] 923]|395)a05||445 

46 | 6,916|| 96/3,315|| 146]2, 180]} 196]1, 624]} 246}1,294)) 296]1,075)/346) 920}/396/804)/446 

47| 6,771]| 97/3, 281]| 147]2, 165]| 197]1, 615}} 247|1, 288] 297/1,072|/347) 918||397/802||447|712 

48 | 6,630|| 98/3, 248]) 148}2, 150]/ 198]1, 608]| 2481, 284|| 298/1, 068]/348] 915||398|800||448|710)|498)639 
49 6,495|| 99/3, 215]| 149]2, 136]/ 199]1, 600]} 249/1, 278]| 299/1, 065|/349| 913||399/798||449| 709) |499/638 
50] 6,365|| 100|3, 183|| 150/2, 122] 20/1, 592|| 250/1, 273] 30/1, 061]/350| 910! /400/796)/450/707||500/636 
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WATER WORKS AND SEWERAGE DATA 








OE eT eT er rey TTT TT TT Ty eT 146 lb. or 337 ft. 


Pressure 


EE ie skk Dnt cteike ee eeete ds Vebadehteas hee 15 in. or 17 ft. 
Difference in gauge elevation ...........e-ee00% 2: 3: aS 
ND ota ee eee ee ate sae meee see ee 355 ft. 
Theoretical discharge 355 ft. head (tables).... ose gal. 

572 


— — 64 per cent 
897 

Provided a suction gauge is not available an approximation 
may be secured by measuring the vertical distance from the level 
of water in the clear well to the center of the pressure gauge, 
adding to this measured distance about one foot for loss in 
bends, etc. 


Results of Checking Efficiency 


The solution of each instance of inefficient operation is a prob- 
lem in itself. No hard and fast rule for procedure can be given. 
In the case cited of obsolete design, the economical procedure 
was to replace the pump with one of modern design, keeping the 
old unit as a standby. In other instances, a change in the im- 
peller will often return the pump to high efficiency. In one case, 
where a multiple stage pump was working against a high head, 
it was found that its inefficiency was caused by a defective gasket 
between the upper and lower parts of the pump case. This per- 
mitted the water to flow back from the higher to the lower 
stages, thereby decreasing both the rate of discharge and the 
efficiency. A new gasket was all that was necessary to solve the 
difficulty. In another instance, it was found that some of the 
ports had become plugged with wood, probably when a filter bed 
had broken three years previously. At least once, an impeller 
was found loose on the shaft. 

About two years ago, an instance was uncovered where an 
apparent inefficiency was due to the power meter being set high. 
As soon as the test figures were in, the striking thing was not 
so much the low efficiency indicated, as the fact that the motor 
was apparently taking power at a rate which would have caused 
it to “burn up” from over-loading. 

This list could be prolonged almost indefinitely, but it is 
believed that enough illustrations have been given to show the 
value of continuous checks. Many progressive operators show 
on their monthly or weekly reports the number of gallons 
pumped for the period for each kilowatt hour of power consumed. 
This is a splendid practice. Whenever our company, in making 
these tests, has found a low efficiency indicated, our experience 
has shown that the power companies and the pump manufac- 
turers are most willing to cooperate in restoring the plant to 
efficient operation. 

Assuming that the motor is about 90 per cent efficient, the fol- 
lowing overall wire to water efficiencies may be expected from 
centrifugal pumps of good design: 


Overall efficiency 


g. p. m. Per cent 
De cdtwss hacen ece ek bakEhennebanWiNchenees 49 
SR a ee eee ee eee eee eee 54 
NR ne ee ee ae re naan 58 
ae achat altel & » pie a bag ae aE OR a ae 8 60 

I cok ow brainer wns ine chicas aida ead aS we Sa 63 
RN dict arn al asa acted ian Gidea ateniem DA a Ok ae at ace 67 


More expensive pumps of best design will often show values of 
three to five per cent higher than the above figures. 

In order to illustrate how the table can be used to compute 
probable savings to result from the substitution of a more effi- 
cient unit for an existing inefficient one, let us assume that 1,000 
g.p.m. are being pumped against a total head of 200 ft., and a 
discharge of only 796 gal. per k.w.h. is secured. This gives us 
796 
——=50 per cent efficiency. Should this installation be re- 
1592 
placed by one capable of an overall efficiency of 65 per cent, we 
would get 1,592 x 65 per cent = 1,035 gal. per k.w.h. 


With an assumed monthly pumpage of 30,000,000 gal., it 
30,000,000 
would require, with the original installation, —————— = 
796 


37,676 k.w.h. to pump the water. 
With the proposed more efficient installation it would require 
30,000,000 
darencai = 28,986 k.w.h. 
1,035 
This is a saving of 8,690 k.w.h., or 23 per cent, in the actual 
power consumption. There is also a similar decrease in the de- 
mand rate. The pumping rate of 1,000 g.p.m. equals 60,000 g.p.m. 
60,000 


796 


= 75 k.w. demand rate 








60,000 
= 58 k.w. demand rate. 





1,035 

This is a decrease of 17 k.w. or 23 per cent in the demand rate 

30th the demand rate and the actual consumption of power are 
therefore decreased in the same proportion. If the power cogt 
averages 2 ct. per k.w.h., the reduction amounts to 8,690 x 0,02 
= $173.80 per month, or $2,085.60 per year. 

A word of warning may not be amiss here. While the large 
pumps are more efficient than the smaller ones, pumps larger 
than actually required should not usually be used. Often the ad- 
ditional friction loss due to higher velocity will offset the jn- 
creased efficiency, and the higher demand charges will boost the 
total bill considerably. 

Assume an installation which consumes 12,000 k.w.h. per 
month and which has a demand schedule as follows: 


i 8 Ce 2S ee re ee ere $150.00 
ew gt se 2). Reece eer ee se 130.00 
ee Ge. We ID a a: cis: 6s usar aide wi o'elee ao Ov epee 24.00 

I oaks Satie hie awa Ca Cea k aah AC eee $304.00 


If we use a smaller installation with half this demand rate we 
might use 13,000 k.w.h. per month to pump the same amount of 
water, but the total bill would be less: 

ee ee ee No ns can ainesisge ak eae adare $ 75.00 


ee ee i ais ais oe ccnnskiwe pees cesneas 65.00 
eR a Oe re etre ee pa 96.00 
NE 826K doe RORY VOSA Raa ade $236.00 


This is a saving of $68.00 per month although more power js 
actually consumed. And, after all, the object in securing in- 
creased efficiency is to pump more water per dollar. 


Measuring Output of Water 


Table I previously given has another use. Many plants, 
especially smaller ones, have no master meters. With the old 
displacement type pump it was possible to secure the approximate 
amount of water pumped by installing a pump stroke counter 
and multiplying the number of strokes by the discharge in gal- 
lons per stroke. If the pump were permitted to get into a state 
of disrepair, this measurement was apt to be in error, but if the 
pump were kept in good condition it was reasonably accurate. 
The method about to be outlined for obtaining the output of 
water from electrically operated centrifugal pumps has possibly 
a degree of accuracy comparable to the pump counter method. 

From the efficiency curve furnished with the pump, determine 
the pump efficiency for the head under which the pump operates. 
The curve will show the pump efficiency only. The combined 
pump and motor efficiency, the so-called wire to water efficiency, 
will be about 90 per cent of the efficiency shown for the pump 
alone. From Table 1 secure the theoretical gallons per kilowatt 
hour for the head under which the pump is operated. Multiply 
this by the overall wire to water efficiency just secured. This 
gives the number of gallons per kilowatt hour the pump should 
deliver. Multiply this by the total number of kilowatt hours 
used over any given period of time and the result should be the 
number of gallons pumped over the same period. If a curve for 
the pump is not available and if the manufacturer cannot supply 
one, approximate results can be obtained by using the efficiencies 
previously given in this paper. To illustrate: 

Assume a pump with an efficiency of 65 per cent operating at 
a total head of 200 ft. Then 90 per cent of 65 would give an 
overall wire to water efficiency of 58.5 per cent. If the installa- 
tion were 100 per cent efficient, Table 1 indicates the discharge 
would be 1,592 gallons per kilowatt hour. With an overall 
efficiency of 58.5 per cent the discharge would be 1,592 x 585 
per cent, or 931 gal. If the power consumption for the month 
be 20,000 kilowatt hours, then the total pumpage becomes 20,000 
< 931 or 18,620,000 gal. for the month. 

While this method of computing pumpage will not, as a rule, 
give results as satisfactory as those secured from a master meter, 
it does give a close approximation in instances where a mastet 
meter is not available. As a matter of fact, in one instance 
where this method was used to check the master meter, it was 
found that it would have been impossible for the pump to have 
delivered the water shown on the master meter unless the in- 
stallation had an efficiency of about 125 per cent. This, of 
course, would be impossible. Whenever a pump _ installation 
gives an efficiency over 100 per cent, the secret of perpetual 
motion will have been discovered. In the case just cited, the 
master meter was about 100 per cent fast. 

In outlining the tests in this paper it has not been intended to 
supplant the more detailed methods used by professional en- 
gineers, but to make availalhle to the average water works opera- 
tor a method of checking which will give reasonably accurate 
results. 
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ELIMINATING SURGE TROUBLES ON PUMP DISCHARGE LINES* 


By D. M. RADCLIFFE 


The purpose of this article is to relate a practical means of 
preventing dangerous surges and water-hammer in water service 
pipe lines. 

There are several means of preventing surges in pipe lines, 
the best known of which is the surge tank. In most water 
supply systems it is not practical to provide surge tanks and 
therefore some other means must be employed if excessive 
surging is to be eliminated. 

A common cause of dangerous water-hammer or surge in 
pipe lines of water supply systems is failure of the electric 
power input to motor driven pumping units. This sudden stop 
in pumping sets up a series of pressure waves or surges in the 
discharge pipe line. Much -has been published with respect to 
water-hammer and its effects on pipe lines, therefore this arti- 
cle will discuss briefly a practical means of eliminating surge 
or water-hammer conditions. The method described is in sat- 
isfactory operation on the Washington Aqueduct in the city of 
Washington, D. C. 

The Dalecarlia Pumping Station is equipped with nine syn- 
chronous motor driven centrifugal pumping units of 10 and 20 
m.g.d. capacities. Three discharge pipe lines extend from the 
station to service reservoirs. One is a 48-inch pipe line, 12,350 
feet in length with 110 feet working head; one a 36-inch line, 
8,900 feet in length with 220 feet working head; one a 36-inch 
line, 15,950 feet in length with 340 feet working head. Three 
pumps are connected into each of these three lines. 

Following accepted practice quick closing check valves had 
been installed in each of the pump discharge lines. Electric 
power failures, which occur several times each year, proved the 
cause of excessive and dangerous surges of water-hammer in 
the discharge lines. Records of the surges were taken on high- 
speed pressure charts and it was found that the maximum surge 
pressures recorded were 175 per cent above normal working 
pressure on each line. 


Rotary Plug Type Check Valves Installed 


After the pumping station had been in opertion for approxi- 
mately three years, it was decided to install check valves which 
would reduce to a minimum the loss of head through such 
valves. The new valves installed are of the rotary plug type 
and hydraulically operated. These are equipped with an ad- 
justable timing feature to provide means of regulating the 
speed of closing upon pump shut-down or failure of electric 
power. Timing tests were made on the new valves to determine, 
if possible, a closing period which would limit pipe line surges 
to safe values. A number of closing periods, varying from one 
second to fifteen seconds, were tried. It was not permissible 
to employ closing periods in excess of fifteen seconds because 
a reverse flow of water through the pumps would take place and 
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of surge suppressor valve in pumping station 
US.Engineer Office, Washington DC, Apr 91934. 











Fig. 2.—Sketch to Show Arrangement of Tapping Sleeve and 
Surge Relief Valves 


rotate the units backward at high speed. Since the pumps are 
not designed for reverse rotation this condition was considered 
unsafe and time of valve closing was limited to a maximum 
of fifteen seconds. In the series of closing period tests made, 
it was found that a five second period produced the best re- 
sults, but the surge was still 100 per cent above normal working 
pressure. Unless the check valve can-be left open until a surge 
is dissipated and then closed slowly, it is necessary to close 
the valve before the first supernormal return wave reaches ‘the 
station or valve. In the case of the Dalecarlia Station, the first 
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Fig. 1.—Resulis from Surge Relief Experiments, Employing Various Sizes of Relief Orifice 
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lig. 3.—Charts Illustrating Surge Conditions Before and After Installation of Cone Type Relief Valves on Discharge Lines 


supernormal wave reached the station seven seconds after power 
failure. The results obtained by valve timing were therefore 
not considered satisfactory because these valves must protect 
pipe lines of concrete construction which were not designed to 
withstand the surge pressures encountered. 


Further Studies on Surge Relief 


Investigations of several methods of surge suppression in pipe 
lines were then made. It was decided to provide a relief valve 
on each pipe header in the pumping station. To make the in- 
stallation it was necessary to provide an outlet from each of 
the three pump-discharge lines. This was accomplished by in- 
stalling “Smith” tapping sleeves (Fig. 2) with 10 inch outlets. 
A 10-inch gate valve was bolted to each sleeve to provide 
emergency shut-off. The discharge from each surge relief 
valve was carried into the filtered water reservoir to prevent 
waste of purified water. 

Before deciding upon size of valves to be used, calculations 
and field tests were made to arrive at the size of relief re- 
quired. The field tests consisted of a series of surge tests 
relieved through different sizes of openings. This was done by 
providing a 12 inch valved opening on one of the pumping 
station headers. A series of tests was then made under vari- 
able pumping conditions with the several orifice plates bolted 
on the valve. The valve was of the quick opening, hydraulic 
type, manually controlled. A signal system was installed to in- 
sure proper timing of test valve opening. The field tests 
included surge relief through openings 2, 4, 6, 8, 10 and 12 
inches in diameter. It was found that the 2 and 4-inch open- 
ings had very little effect in damping the supernormal surge 
pressure. The 6-inch opening did not damp the first supernor- 
mal wave but did damp out the succeeding waves. The 8-inch 
opening entirely damped or eliminated all supernormal waves. 
From the results obtained in the field tests it was decided to 
install 10-inch surge relief valves on each of the pump dis- 
charge lines. The chart (Fig. 1) shows the results of the 
tests made with the orifice plates under variable pumping con- 
ditions. 


Automatic Cone Relief Valves Installed 


The surge suppressor or relief valves instal'ed are of the 
hydraulically operated, rotary plug type (Fig. 2), manufactured 
by the Automatic Cone Valve Company, now a division of the 
Chapman Valve Company. Since the valves meet open when 
the pressure drops in the pipe lines it was necessary to supply 
water pressure for valve operating from an independent source 
of supply. A 60-gallon residential supply water system was in- 
stalled to insure an unfailing supply of water pressure to the 
three surge relief valves. The valves operate in the following 
manner: the normal pressure of the pipe line operates against 
a spring diaphragm pilot valve which admits control water 
pressure to the “closing” end of the hydraulic piston. 

This holds the surge relief valve in the closed position. When 
a power failure occurs, the water in the pipe line flows away 
from the pumping station causing a subnormal wave in the 
line. This results in low pressure against the control dia- 
phragm, which allows a spring to operate the pilot valve, which 
in turn allows high pressure control water to flow to the 
“opening” end of the hydraulic piston which opens the main 
surge relief valve. The opening action is very rapid, the entire 
operation requiring only from 1.5 to 2 seconds. The average 
duration of the first sub-normal wave in the Washington lines 
is approximately 8 seconds, thus the surge relief valve is wide 
open before the first super-normal return wave reaches the 
station. With the surge relief valve open, all succeeding super- 
normal waves are dissipated through the open valve. The pipe 
line now assumes a penstock condition and the surge relief 
valve must be closed very slowly in order to prevent setting 
up penstock surges. This is done by limiting the flow of con- 
trol water to the “closing” end of the hydraulic piston. For 
successful results it was found that a 2-second opening and 
2.5-minute closing of the surge relief valves entirely elim- 
inated water-hammer or surges in the respective pipe lines. 


Results 

During the period of service since these surge relief valves 
have been in operation in the Dalecarlia Pumping Station sev- 
eral power failures have occurred. High speed pressure charts 
indicate, however, that pipe line surges have been entirely elim- 
inated as indicated by typical records pictured in Fig. 3. 
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SEWAGE AND SLUDGE PUMPING’ 


By HENRY RYON? 
Albany, N.Y. 


General 

During the past several years a very marked improvement 
has been made in the methods of pumping sewage and sewage 
sludge, and special pumps have been developed for this service. 
Only a few years ago, however, practically all sewage was 
lifted with pumps designed primarily for handling water. 

The centrifugal dredging pump driven either by a steam 
engine or an electric motor was used with a fair degree of 
success at many stations. While this pump would handle sand 
and gravel satisfactorily, rags would wrap themselves around 
the impeller and necessitate frequent cleaning of the pump 
either through hand holes in the volute or by the removal of 
the side of the case. It was not very efficient and the head 
was limited. The smaller and higher speed centrifugal pump, 
used successfully for pumping water, gave more trouble, due 
to clogging, when used for pumping sewage, than the dredging 
pump. ; 

Reciprocating pumps were used in many cases. These pumps 
clogged about as easily as the centrifugal pumps; and, if there 
were any sand or grit in the sewage, gave trouble due to the 
scoring of cylinders. At one or two large stations the crank 
and fly wheel pump was used and operated satisfactorily princi- 
pally because of its large size. The ordinary duplex steam 
pump served in a few cases. The single acting triplex pump, 
equipped with ball valves, although not entirely free from clog- 
ging, proved to be the most satisfactory of the reciprocating 
pumps and was used, and is still being used, successfully for 
pumping both sewage and sludge. Its cost is, however, greater 
than that of a centrifugal pump and it is rather noisy. It is 
worth noting that the design of the most modern reciprocating 
sludge pumps have apparently been copied from the old single 
acting triplex pump. 

At almost all of the old pumping stations the sewage was 
passed through bar or mesh screens to remove the rags and 
other solids from it before it reached the pumps. The clean- 
ing of the screens always proved a laborious and unpleasant 
task, and did not entirely do away with the necessity of clean- 
ing the pumps. 


The Pneumatic Ejector 


In order to eliminate the trouble of cleaning screens and 
pumps, the pneumatic or compressed air ejector was developed. 
This device, which was first used about fifty years ago, operates 
by allowing the sewage to flow into an iron or steel chamber 
and, when the chamber is full, automatically admits com- 
pressed air above the sewage thus forcing it out through the 
discharge line. The mechanism operates very successfully, and 
stories are told of ejectors having been lost for several years 
and when rediscovered were found to be operating satisfac- 
torily. It requires, however, air compressors, air tanks, and 
other appurtenances which make the first cost and also the 
maintenance expensive. In addition to this, the efficiency is 
very low. The overall or wire to water efficiency when the 
compressors are operated by electricity vary generally from 
10 to 20 per cent. At present, due to the improvements in the 
design of centrifugal pumps, ejectors are being used less and 
less except in the very small stations or for sludge and screen- 
ings handling. 


Pump Impellers 


The improvement in the centrifugal sewage pumps has been 
largely in the design of the impellers or runners. There are, 
in general, two types of pump impellers, the open and the 
closed. The open impeller gives larger water ways with the 
same size casing, but solids clog between the impeller and the 
casing and rags wrap around the impeller blades. Increasing 
the clearances to reduce clogging, of course, reduces the effici- 
ency and does not prevent rags from stopping the flow. Open 





‘From a paper presented before the N. Y. State Sewage Works 


Ass’n.—1935 
*Senior Sanitary Engr., N. Y. Dept. of Public Works. 


impellers, generally with only two blades, serve well in small 
sump pumps and also in sewage pumps of small capacities 
where a closed impeller small enough to give the desired capac- 
ity would not pass solids of any size. In most cases, however, 
the closed or semi-enclosed impeller is to be preferred. 


In the design of closed impellers for handling sewage, the 
water passages have been made wider than in water pumps, 
all sharp edges and turns have been carefully avoided, thus 
reducing the chance of clogging to a minimum. As a general 
rule pumps with impellers of this type will pass solids having 
diameters about one pipe size smaller than the size of the 
pump. One manufacturer is producing a pump with a worm 
feed to force the solids to the impeller of the pump and also 
cut and crush them against hard steel bars running longitud- 
inally of the screw case. Pumps of this type are giving sat- 
isfactory service in several western stations. A rather unique 
impeller is used in some English pumps. The impeller is open 
on the suction side and the blades are considerably wider at 
the shaft than at their ends. The edges of the blades pass 
very close to bars set on the inside of the case and macerate 
the solids entering the pump. 

It is customary to require the impellers of the pumps to 
be made of bronze but with ordinary sewage there seems to be 
no advantage in the use of bronze as compared with that of 
cast iron. A few pumps have been installed having cast iron 
impellers coated with enamel and they are said to be giving 
satisfactory results. The manufacturers claim a slightly higher 
efficiency for this impeller than can be obtained with the bare 
metal impeller. 


Submerged Vertical Pumps 


For the smaller installations probably the submerged vertical 
centrifugal pump is the most commonly used. The sump may 
be made of cast iron or steel or may be of concrete. The 
motor and pump are both supported on a removable iron 
cover so that the pump can be lifted out of the sump for 
cleaning and repairs. Enough head room must, of- course, be 
provided to allow the suction to clear the top of the sump 
when the pump is lifted out: It is also desirable that the 
discharge be brought up through the same plate so that it 
may be easily disconnected. In unheated pump houses, however, 
it is sometimes impossible to do this without danger of the 
sewage in the discharge line freezing. Where short separate 
discharges can be used, freezing can be avoided by omitting 
the check valves and allowing the sewage in the discharge 
pipe to flow back into the sump after each discharge. If 
screens are to be omitted it is usually advisable to provide 
a pump not smaller than 3 inches in size. Such a pump will 
have a capacity of from 50 to 300 gallons per minute, depend- 
ing upon design of the impeller and the speed of the motor. 


Float Controls 


Sewage pumps are usually automatic in operation and the 
arrangement of the float control deserves more attention than 
it generally receives. The float may be connected to the electric 
switch either by a push rod or by a chain running over pulleys 
with a counterweight to balance the float. Either method 
operates satisfactorily if properly arranged. Floats that hang 
unprotected in the sump are apt to be moved sideways by the 
motion of the sewage causing the chain or rod to bind, or 
the rod to bend, making the float inoperative. In some designs 
the rod has a guide at the bottom to prevent such motion, 
but if the rod sticks in the guide or leaves the guide its inac- 
cessible location makes it very difficult to repair. The lever 
float, sometimes used, has generally proved very unsatisfactory 
for sewage because rags are apt to collect on the lever and 
prevent its operation. As in the case just mentioned it is 
generally very difficult to reach such a float to repair or adjust 
it. The best design is one in which the float is arranged in a 
tube to guide and protect it and a removable cover plate 
provided over the tube so that the float can be readily lifted out. 
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Pumps in Separate Dry Wells 


For the larger pump stations, and even in the small stations 
when the conditions will permit, the installation of the pumps 
in a separate dry well makes the most satisfactory arrangement. 
This leaves the pumps and their appurtenances accessib‘e for 
repairs and adjustment. The pumps may be either vertical 
or horizontal. The vertical pumps have the advantage of requir- 
ing a smaller pit and of keeping all electrical equipment above 
ground and free from danger of flooding, while on the other 
hand the horizontal pumps are easier to keep in adjustment and 
alignment. If the pit is deep, one or more guide bearings will 
probably be required on the shafts of vertical pumps as it is 
necessary to divide the shafts into lengths of not more than 
8 or 10 feet to prevent vibration. I-beams are usually set 
across the pit to carry these bearings, but it is often difficult 
to set these beams so as to get a perfect alignment of the 
shaft. In order to avoid this difficulty, several manufacturers 
are building steel lattice frames extending from the motor 
to the pump. The pump and motor can then be aligned at the 
factory with very satisfactory results. In some cases the 
motor, shaft and pump have been attached to a heavy channel, 
aligned at the factory, and shipped as a unit. 


With the pumps in a separate dry well it will usually be 
necessary to provide some means for removing seepage from 
the well. This may be done with a separate automatic sump 
pump, or, if a cheaper installation is desired, a small valved 
connection may be made from the suction of one of the main 
pumps to a sump and the sump emptied at intervals by closing 
the main suction valve and opening the connection to the sump. 


Design of Suction Well 


The shape of the bottom of the suction or wet well is of 
considerable importance. If it is left flat, solids will collect 
in the bottom and ferment giving rise to unsatisfactory con- 
ditions. The floor of the wet well should have a steep slope 
toward the pump suctions. 

In some cases where the sewage is warm and contains con- 
siderable grease, trouble has been experienced due to the 
grease congealing on the walls of the well and then breaking 
loose in large pieces and entering the pumps and clogging them. 
The openings in the impellers of 4-inch horizontal sewage 
pumps have been stopped several times by this cause. 


Bearings and Glands 


There does not appear to be very much choice in regard to 
the type of bearings used, ball bearings and sleeve bearings 
seem to serve equally well provided they are properly oiled. 
Ball bearings are, however, usually provided to take the thrust 
or to carry the weight of the impeller of a vertical pump. 
The part of the shaft that passes through the stuffing box 
should be of bronze or covered with a bronze sleeve otherwise 
difficulty will be experienced in keeping the packing in condi- 
tion. This stuffing box is usually provided with a water seal, 
although grease seals and special devices are sometimes used. 
In water pumps the water for the seal is usually taken from 
the volute of the pump. With sewage pumps, however, this is 
not advisable for the solids in the sewage are apt to clog the 
small passages and also because the grit in the sewage will 
reach the packing and cut the pump shaft. To avoid the pos- 
sibility of the pollution of the clear water with sewage, the 
water must usually be taken from a constant level tank sup- 
plied from the water lines and not directly from the lines 
themselves. With double suction and open impeller pumps, 
if there is a suction lift, there will probably be vacuum on 
the pump side of the stuffing box and the water seal serves 
to prevent the entrance of air. With end suction pumps, with 
enclosed or semi-enclosed impellers, there may be a pressure 
on the pump side of the stuffing box. The water seal then 
serves to prevent the grit in the sewage from reaching the 
packing and cutting the shaft. The pressure on the water 
seal should of course be greater than the sewage pressure. 


Centrifugal sewage pumps will operate satisfactorily if set 
as high as 15 feet or even a little more above the sewage 
level, but in such cases special priming devices must be pro- 
vided for the ordinary method of priming, by filling the suction 
trom the discharge line, cannot be used because it is inadvis- 
able to attach a foot valve to the bottom of the suction. While 
special priming devices can be used, it is better, if possible, 
to locate the pumps below the level. 





Efficiency and Head 


The non-clogging centrifugal pumps will generally give oy 
all efficiencies varying from 35 per cent for the smaller sizes : 
65 per cent for the larger pumps. The lift of sewage pumps ie 
usually low and most of the pumps are designed for heads 
under 40 feet but pumps can be obtained that will lift sewa c 
against heads as high as 75 or even 100 feet. Beyond thie 
head two stages are needed, but the ordinary type of multi- 
stage pump used for water cannot be used because of the many 
sharp turns and the narrowness of the water passages, At 
a station where it was necessary to raise sewage 180 feet 
two pumps connected in series on the same base, with the 
motor between them, have been used successfully. The overall 
efficiency of the unit was found on test to be 35 per cent. 


Hydraulic Characteristics of Centrifugal Pumps 


With centrifugal pumps, careful attention must be given to 
the hydraulic characteristics of the pumps in designing a pump- 
ing station, particularly if the discharge line is of any consid- 
erable length. 

If an engineer desires a pump to deliver 300 gallons per 
minute against a head of 20 feet he is very apt to add a little 
to the head for safety and specify that the pump shall deliver 
300 gallons a minute against a head of say 21 feet. A typical 
4-inch pump will meet these specifications almost exactly, and 
will require about 2% horsepower to operate it and, a 3-horse- 
power motor will serve satisfactorily. If, after installation, 
it is found that the actual head is only 18 feet instead of 2] 
feet, due to some unforeseen condition or due to the fact that 
the engineer figured his friction for 10 year old pipe and the 
pipe is actually new pipe, this pump will deliver 600 gallons 
per minute instead of 300 gallons per minute and will require 
3% horsepower. The 3-horsepower motor will in that case 
be overloaded. Conditions similar to this occur very frequently 
and it is best in all cases to require the motor to be of suf- 
ficient size to operate the pump without overheating at any 
head between the maximum and zero. 

When two or more pumps are connected to the same dis- 
charge line, the reverse condition often occurs. If two pumps, 
having the characteristics mentioned above, are connected to 
a single discharge line, one pump operating alone will discharge 
300 gallons per minute. When both pumps are put in operation 
the friction loss in the discharge line will of course increase. 
With the particular 4-inch pump just mentioned, if this increase 
is only about 1% feet (from 21.0 feet to 22.6 feet) the dis- 
charge of each pump will be reduced to 200 gallons a minute 
or the total discharge of the two pumps will be about 400 gal- 
lons per minute or only slightly greater than the discharge 
of one pump. For this reason it is often found desirable, 
especially with long discharge lines, to arrange the controls 
so that one pump will shut off entirely and the second pump, 
designed for a larger capacity and a little higher head, will 
start when the sewage flow exceeds the capacity of the first 
pump. 

Multispeed motors are sometimes used to meet these condi- 
tions but such motors operate only at certain fixed speeds and 
it is generally difficult to design the pumps to obtain the 
desired capacities at these motor speeds. Any desired speed 
may be obtained by using variable speed motors, but if this 
is done the losses in the resistances greatly reduce the overa!l 
efficiency of the pumping equipment. 

At the Harlem Valley State Hospital pumping station which 
contains 8 4-inch 450 gallon per minute pumps, a special arrange- 
ment was used. As each additional pump starts the friction 
loss in the discharge line increases approximately 6 inches. 
The controlling float and float switches are so arranged that 
as each additional pump starts the sewage level in the suction 
well is automatically allowed to rise 6 inches. Thereby, the 
total head, and consequently the discharge of each pump, always 
remains the same and has proved a distinct advantage. 


Suction Line Difficulties 


There are several matters in connection with the arrangement 
of centrifugal pump suction lines, particularly where there 
is some suction lift, which, while they seem very simple, have 
caused engineers and operators considerable trouble. There 
must be no high point in any suction line where air or sewage 
gases may accumulate. When the pump is started the accumu- 
lated air will expand, flow to the pump, and stop its operation. 
The reducer at the pump must for this reason always be an 
eccentric reducer with the flat side up. Connections to a 
common suction header must for the same reason be made 
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e- header and not at the center of the side. In 
ses it has even been found necessary to place 
s horizontally so as to avoid the accumulation 
Common suctions, that is, single suc- 
which two or more pumps are connected, are 

source of trouble in many cases where there is a suction lift, 
aa therever possible should be avoided. It is often difficult 
— “h cases to make each pump take its share of the load. 
hen one pump is in operation it is often impossible to start 
the second without shutting down the first and starting both 
together. A slight leak in the stuffing box of one of the idle 
pumps will many times admit enough air to interfere with the 
operation of the other pumps. Even when the pump that is 
not to be operated is entirely shut off, air will frequently 
accumulate in the riser from the common suction to that 
pump and will expand when the other pump or pumps are 
started and enter them and prevent them from operating. 


at the top of th 
some extreme ca 
the suction valve 
of air in the bonnets. 


tion lines to 


Sludge Pumps 


Both centrifugal pumps and reciprocating pumps have been 
successfully used for pumping sludge. Where the quantity of 
sludge is large, the centrifugal pumps with suitable non-clog- 
ging impellers are probably the more satisfactory. In many 
cases, such as pumping sludge from the bottom of a: settling 
tank, it is desirable to draw the sludge slowly and regulate 
the rate carefully to prevent drawing the upper layer of fresh 
sludge, or even the supernatant liquid through the digested 
sludge in the bottom of the tank. Except in the largest sewage 
disposal plants this may be difficult with a centrifugal pump. 
If a small sized pump is used, it is apt to clog. If a large 
sized pump is used it will generally be necessary to decrease 
its capacity at times. Throttling the discharge of a sludge 
pump for this purpose is obviously undesirable. Motors with 
variable speed transmissions by means of which the pump 
speed may be varied without varying the motor speed, while 
rather expensive, may be used very satisfactorily for this 
purpose. Centrifugal sludge pumps must of course be set 
below the water level in the suction well if priming difficulties 
are to be avoided. 

For the above reasons the reciprocating pump is probably 
better adapted for sludge pumping in small sewage disposal 
plants. Where the lift is high and it is not necessary to vary 
the capacity, the ordinary single acting triplex pump, with ball 
valves, has proved very satisfactory. Where the lift is low 
and it is necessary to vary the flow, as is usually the case, 
the diaphragm pump or the plunger pump with large diameter 
cylinders, designed especially for handling sludge, is usually 
preferable. The present tendency seems to be toward the use 
of the plunger pump in preference to the diaphragm pump. 
At the Hudson River State Hospital sewage disposal plant, 
where the 10-inch diaphragm pumps are used about three 
hours daily, the diaphragms have to be renewed every six 
months. 

On the other hand, at this same plant, where 10-inch plungers 
are used, the packing, under continuous operation, has to be 
renewed every three months. These pumps may have one or 
more cylinders. The pumps with two or more cylinders give 
a more even discharge and also a more nearly even load on 
the motor, but the single cylinder pumps serve satisfactorily in 













most cases. Where lime is fed into the pump suction the surge 
in the suction line caused by the single cylinder pump some- 
times causes trouble. Different capacities may be obtained 
with these pumps by varying the length of the stroke. This 
is done on some pumps by using an eccentric on the main 
shaft which is adjustable. to give any stroke from zero to the 
maximum. On the other pumps several holes are provided 
in the crank so that the stroke may be changed by inserting 
the connecting rod pin in the proper hole. In some cases two 
and three speed motors have been provided with pumps of this 
type to further increase the possible number of capacities. 
The stroke of a diaphragm pump can generally be varied 
from 0 to 3 inches while that of a plunger pump can generally 
be varied from 2 to 5 inches. Shear pins are usually provided 
to release the motor should any hard material stop the plunger. 
It is well to keep the speed of reciprocating pumps rather low 
if smooth operation is desired. Speeds of over 30 or 35 revo- 
lutions per minute will usually cause vibration although manu- 
facturers often recommend higher speeds. The valves may be 
of the ball or of the flap type. The ball valves usually show 
less tendency to collect solids than the flap valves, but are not 
entirely free from clogging. Rags will pack under the balls 
and sometimes clog the valve chamber entirely. Special easily 
removable caps are generally provided on the valve chambers 
so that the valves will be readily accessible for cleaning. In 
this connection it might be well to note that if an air chamber, 
or alleviator, is provided on the discharge line the discharge 
shut off valve should be between the air chamber and the 
pump or a special drain valve provided for the air chamber. 
Otherwise the sludge in the air chamber will be blown out 
through the discharge valve chamber when the cap is removed 
for cleaning or repairs. Pumps of the reciprocating type need 
not be set as low as centrifugal pumps because they prime 
more readily. 


Friction of Sludge in Pipe 


Where the suction and discharge lines are long it is often 
necessary to consider the friction loss in the pipes when the 
sludge is passing through them. Considerable has been written 
on this subject but there is as yet no standardized formula 
for computing the loss. The loss for a sludge with a high 
water content is about the same as for water but increases as 
the water content decreases until it often reaches 1% times the 
loss for water. The loss is sometimes figured by using a 
coefficient of 60 or 70 in Chezy’s formula instead of the 100 
usually used for water. 


Motive Power 


At the present time most pumps are driven by electric motors. 
It was customary a few years ago to provide auxiliary gasoline 
engines as a source of power when the electric power failed. 
Usually, however, when the electric current failed, the service 
was restored before the operator could start his neglected 
gasoline engine. With the use of underground transmission 
lines and inter-connected power stations, failure of electric 
current has been so reduced that the auxiliary engines are now 
being omitted in most stations. Gasoline engines, oil engines 
and steam engines can, however, be used satisfactorily for driv- 
ing pumps where electric current is not available. 





























BALTIMORE, MD., W. I. Collier & Co., 522 Park Ave. 
BIRMINGHAM, ALA., McVoy-Hausman Co., 2019 Sixth Ave. N. 
BOSTON, MASS., Emerson Swan Goodyear Co., 107 Arlington St. 
BUFFALO, N. Y., Park Duncan, 433 Ellicott Square 

CHARLOTTE, N. C., Chas. M. Setzer Co. 

DALLAS, TEX., Allan Engineering Co., 2712 Live Oak St. 
DENVER, COLO., Crane O'Fallon Co., 1631 Fifteenth St. 
DETROIT, MICH., Kerr Machinery Corp., E. Fort and Beaubien Sts. 
ERIE, PA., F. A. Allen Company, 2658 W. 26th St. 

FORT WORTH, TEXAS, DeWitt Harber, 316 Majestic Bldg. 
HOUSTON, TEX., Southern Engine & Pump Co., 900 St. Charles St. 
INDIANAPOLIS, IND., M. D. Mullane, 339 Burgess Ave. 

KANSAS CITY, MO., D. H. Painter, 7331 Brooklyn Ave. 


ECONOMY PUMPING MACHINERY CO. 
General Office, 3431 West 48th Place, Chicago, II. 


DISTRICT REPRESENTATIVES 


LOS ANGELES, CALIF., Smith Booth Usher Coe., 2001 San 


LOUISVILLE, KY., Lewis & Hancock Co., 328 Breslin Bldg. 


ta Fe Ave, 


MEMPHIS, TENN., Power Equipment Co., 1348 Madison Ave. 


MILWAUKEE, WIS., C. A. Ekstrom Co., 2540 W. Wells St. 


MINNEAPOLIS, MINN., Kent-Ervin Engineering Co., Builders 


NEW ORLEANS, LA., Mayer Godchaux, P. O. Box 1687. 


Exchange Bldg. 


NEW YORK, N. Y., Quimby Ryan Engineering Sales Co., 1 E, 42nd St 


OKLAHOMA CITY, OKLA., Loeffler Greene Supply Co., 1604 N.W 
PHILADELPHIA, PA., Haynes Selling Co., 1518 Fairmount pies, 


ST. LOUIS, MO., E. S. Malone, 7124 Waterman Ave. 


- Fifth Se, 


SAN FRANCISCO, CALIF., J. Harry Russell, Monadnock Bldg. 
SYRACUSE, N. Y., Syracuse General Sales Co., Yates Hotel Bldg. 
WISCONSIN RAPIDS, WIS., Badger Sales Co., Mead-Witter Bldg. 
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Double suction single stage 
pumps with horizontally _ split 
cases for general waterworks 
service, heads up to 300 ft. 

Modern precision methods of 
manufacture, with careful shop 
testing of each unit insure sat- 
isfactory performance, high effi- 
ciency and long life. 

Complete details are given in 
bulletin No. 408. These pumps 
are also furnished for series op- 
eration and for gasoline or diesel 
engine drive. 





DOUBLE SUCTION PUMP 










VERTICAL 
DIRECT CONNECTED 
SEWAGE PUMP 


Heavy 


impellers pass solids 2” 
upon pump size. 


twenty 
service. 


years ago, are 


perience in this field. 
Horizontal units are 


The first Economy sewage pumps, made over 
still 
The Economy sewage pump of today 
is a highly developed unit, a result of long ex- 


available in 
shell and angularly split design. 


The Economy Pumping Machinery Co. offers a complete line of modern centrifugal pumping machinery sturdily designed jn 
keeping with the most recent engineering research, so that high operating efficiencies are secured. Twenty years of designing 
and building centrifugal pumps assures a satisfactory background of experience. Economy pumps are being generally used in 
leading municipalities, paper mills, mines, quarries, food industries, sugar refineries, chemical process plants, power plants, 

In addition to the products shown below other products manufactured include: Vacuum heating pumps, condensation pumps 
(centrifugal 
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pressure water 


gine or turbine. 
tion is heavy fo 


service. 
High efficiency 
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istics. Complete 
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drive from motor, 


heads up to 1000 ft. 


able for high 
supply with 
gasoline en- 
Availal le for 
Construc- 
r continuous 


over a broad 


range gives these units very de- 


ce character- 
details of 


these units are given in bulletins 
Nos. 414 and 426. 





Horizontal or vertical non-clogging pumps for 
capacities up. to 20,000 G.P.M. 
construction for 
sewage or liquids with large solids. 
to 12” dia., depending 


unscreened 
Standard 


handling 


giving satisfactory 


both solid 


HORIZONTAL SEWAGE PUMP 














OPEN SHAFT 
SEWAGE PUMP 


design. 





All units are ruggedly constructed with heavy 
oversize alloy steel shafts, ample heavy duty 
bearings, patented shock absorber, and are well 
designed hydraulically for high operating effi- 
ciencies. Vertical units are also offered in two 
styles, i.e., the regular open shaft design where 
the prime mover is some distance above the pump, 
and the new vertical direct connected unit with 
motor mounted directly on pump with flexible 
coupling drive (not close coupled). 

Complete details of these units are given in 
bulletin No. F-434 horizontal pumps and No. 
F-534 vertical pumps. 





SUBMERGED TYPE 
NON-CLOGGING 
PUMP 


Economy Sump Pumps and Sewage Ejectors are made in general service or non-clogging 
The non-clogging pumps handle sewage, rags, stones, etc. i 
improvements have been made in these pumps to lengthen life and reduce maintenance cost. 
These features, together with complete capacity tables, are contained in Bulletins Nos. E-836 
and 427. These pumps are available in capacities up to 5000 G.P.M. with heads up to 120 ft. 
Illustrations show both single and duplex units. 


A PUMP FOR EVERY PURPOSE 


SPLIT HORIZONTAL SEW 


A number of interesting 


DUPLEX SUBMERGED 
TYPE NON-CLOG 
PUMP 
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PUMPING BY AIR LIFT" 


Principle 

The method of pumping with compressed air can be illustrated 
by the drawing at the right. 

“If the tank is filled with water, 
it is clear that it will rise in the 
vertical column to the same level 
as in the tank. Now assume that 
a specific quantity of compressed 
air is allowed to continuously 
flow into the pipe. The mixture 
of air and water in the vertical 
pipe, because it 1s lighter than 
the water in the tank, would rise 
a distance of Hi + A above the 
water in the tank. This is true 
because the light mixture of air 
and water in the column Hs + 
H: + A just balances the head 
of pure water “Hs” in the tank. 
With this condition, no water 1s 
flowing, since the system has m 
reached a static position. Assume that, after the static position 
has been reached, a section of the pipe is cut off, say “A 
amount. Now, the mixture of air and water in the column no 
longer balances the head of pure water in the tank and the re- 
sult is a flow of water up the vertical column. The actuating 
force is equal to the unbalanced force of the column of mixture 
due to deducting “A.” This actuating force is equal to the 
pressure exerted by the head of pure water Hs (submergence ) 
less the pressure exerted by the head of the mixture H: (lift) 
4+ Hs (submergence). 








Terms 

He — Distance from ground level to point of discharge = 
Lift above ground in feet. 

H, = Distance from the water level to the ground level when 


the well has been allowed to stand for some time without pump- 
ing = Static lift in feet. 

Ha = Distance from the water level when the well is pump- 
ing the desired quantity of water to the water level when the 
well is not pumping = Drawdown at required water capacity 
in feet. 

Hi = Distance from pumping 
level to point of discharge = 
He + Ha + Ha = Total lift 
in feet. 

Hm = Distance from entrance 
of air into discharge pipe to the 
static or normal water level = 
Ha + Hs = Starting submerg- 
ence in feet. 


Hs = Distance from entrance 
of air into discharge pipe to the 
pumping water level = Working 
submergence in feet. This fac- 
tor is often expressed as per cent 
submergence which is 

100 Hs 


WATER DISCHARGE 








Hs + Hi 


*Courtesy, Ingersoll-Rand Co. 


Data Used in Air Lift Calculations 
Quantity of et 
l 
































Va — 
Hs + 34 
C logiw —_——- 
34 
in which ‘ 
Va = cubic feet of free air per gallon of liquid. 
Hi = total lift in feet. 
Hs = working submergence in feet. 
C = factor varying with submergence; given below. 
Value of C—————-_—__ 
outside inside 
Submergence air line air line 
75% 366 330 
70% 358 322 
65% 348 306 
60% 335 285 
55% 318 262 
50% 296 238 
45% 272 214 
40% 246 185 
35% 216 162 
Submergences 
Customary Allow- Best 
Lift able Submergence Submergence 
in Feet Percentage Percentage 
20 to 125 50 to 70 65-70 
125 to 175 40 to 65 60-65 
175 to 250 40 to 60 55-60 
250 to 350 37 to 55 50-55 
350 to 650 37 to 50 45-50 
650 to 750 35 to 45 40-45 
Size of Discharge Pipe 
Q 
d = 13.54 — 
. . v 
in which 
d = inside diameter of pipe in inches. 
Q = Volume of the mixture of air and water in cu. ff. 
per min. 
v = velocity of mixture in pipe in ft. per min. 


With a straight pipe the best discharge velocity of the mix- 
ture of air and water for lifts from 40 to 200 ft. varies from 
2000 ft. per min. at 35% submergence to 700 ft. per min. at 
70% submergence. 

With a tapered pipe the best discharge velocity is 1400 ft. 
per min. at 35% submergence and 550 ft. per min. at 70% sub- 
mergence. The best velocity for the mixture of water and air 
at the entrance to the bottom of the discharge pipe is 800 ft. 
per min. at 35% submergence and 450 ft. per min. at 70% sub- 
mergence. 


Starting Pressure 
Ps = 0.434 Hm 


in which 
s = Starting pressure in lbs. per sq. in. 
Hm = starting submergence in feet. 


Working Pressure 
Pw = 0.434 Hs + Py 
in which 


Pw = working pressure in Ibs. per sq. in. 
Hs = working submergence in feet. 
P; = friction drop in air line from the compressor to the 


foot piece in Ibs. per sq. in. 
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PIPE LINE FRICTION COEFFICIENTS 





A Summary of the Findings of the Committee on Pipe Line Friction Coefficients” 


The voluminous report embracing data collected and compiled 
by the above committee has been printed in the September, 1935, 
Journal of the New England Water Works Association, and is 
available in the form of reprints. 

A summary of the scope of this report and the conclusions 
presented therein are reviewed in the following abstract, pre- 
pared by E. T. Killam, chairman of the Committee. 

The general conclusions drawn from the data submitted to 
the Committee are as follows: 

1. The average actual loss in capacity of tar-coated cast-iron 
pipe after 30 years of service, based on a total of 473 tests in 
19 different systems, was 52 per cent. 

The loss predicted in the Williams-Hazen tables for mains of 
similar age and diameter (average 20.5 in.) and for “average 
soft unfiltered river water” is 32.3 per cent. 

2. Based upon the data available to the Committee, the Wil- 
liams-Hazen age-coefficient relation is applicable primarily to 
large-diameter mains carrying relatively inactive water. 

3. For small-diameter mains carrying active water, the actual 
loss after 30 years may be twice the Williams-Hazen predicted 
loss. 

4. Other factors being equal the data show marked correla- 
tion between pH value of water carried and rate of capacity 
loss, average conditions reported indicating for supplies with 
a pH value of 6.5, twice the loss observed in supplies with a 
pH value of 8.0. 


Scope of Report 


The principal objective of the report was the presentation of 
heretofore unpublished data upon friction coefficients of tar- 
coated cast iron pipe, with particular reference to the age- 
coefficient relation for this type of pipe, and the effect of water 
quality upon rate of capacity loss. 

The report also contains sections dealing with various 
remedial measures for reducing and preventing loss of capacity, 
including discussions of coefficients of cement and bitumastic- 
enamel linings; methods of lining pipe in place; corrective 
treatment of the water carried, and pipe cleaning. 

Certain other subjects not involved in the question of dis- 
charge coefficients of tar-coated cast-iron pipe, but falling within 
the general scope of the subject of “Pipe Line Friction Coeff- 
cients,” have been presented in the form of appendices, in order 
that this additional information might be made readily available 
in a single report. 


Precision 


The Committee has endeavored to compile mass data of rea- 
sonable precision; obviously, the widely varying conditions 
found, and the many factors involved, could not be generalized 
upon any other basis. Accordingly, while the collection of data 
was in no way restricted to sources affording “laboratory” pre- 
cision, the material presented includes only such data as have 
been considered to fall within the limits of reasonable precision 
set by the Committee. 

This policy of precision applies particularly to the presenta- 
tion of various “trend curves,” which is the designation adopted 
for expressing the age-coefficient relation. These “trend curves” 
in which values of C have been plotted against the age of the 
pipe in years, have been presented only in cases for which 
nurrerous tests of reasonable accuracy were available. 

In considering these trend curves it should be emphasized 
that the results represent actual field tests and accordingly 
include all incidental losses due to irregular line or grade, and 
due to fittings or special castings. 


Use of Williams-Hazen Coefficient "'C" 


The Williams-Hazen formula has been used throughout the 
report for the determination of coefficient values, and all 


*Presented before the New England Water Works Association 
September 17 5 


1935. 





values of C refer to the Williams-Hazen coefficient in the fol- 
lowing formula: 


¥=C r* ¢* o0or"* 
v = Velocity in feet per second 
r = Hydraulic Radius in feet 
s = Hydraulic slope in feet per foot 
C = The Williams-Hazen Coefficient 


In translating values of C to equivalent capacity loss, it is 
convenient to bear in mind that capacity is directly proportion- 
ate to the value of C. With slope and diameter fixed, a drop 
in the value of C from 130 to 65 consequently involves an 
equivalent capacity loss of 50 per cent. 


Coefficients of Tar-Coated C. |. Pipe 


Tar-coated cast iron pipe has been more widely used in water 
works practice than any other type of pipe, and a discussion 
of coefficient values with this type of pipe was accordingly 
selected for the first and principal subject of the report. 

In considering the existing condition of old pipe, and at- 
tempting to determine the loss of capacity with age, selection 
of a value of C for new pipe becomes a fundamentally impor- 
tant assumption. The values of C for new tar-coated cast iron 
pipe adopted in the report are as follows: 
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AGE OF PIPE IN YEARS 


Fie. 1.— Summary OF EstimaTEpD AND AcTUAL TRENDS OF 
Age-CoeFFIciIENT RELATION FoR Tar-CoaTep Cast-Iron Pipe. 

Curves 1 and 2 are based on data for steel pipe (U. S. Dept. of 
Agriculture, Bull. 150, 1930). 

Curve 3 is based on the Williams-Hazen Tables for average soft 
unfiltered river water. 

Curve 4 is a composite for supply and transmission lines 16 in. 
or Jarger in diameter. 

Curve 6 is a composite for distribution mains less than 16 in. in 
diameter. 

Curve 5 is a composite of Curves 4 and 6. Composite curves are 
based on arithmetic averages. 


Actual vs, Estimated Losses in Main Capacities with Age In- 
crease Summary Curves Taken from the Report of the Com- 
mittee of N. E. W. W. A. on Pipe Line Coeficients 
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For supply and transmission mains 16 inch and larger 
a MEE” nk fc wasn dav eunk pak dab eee eiaank C= 135 
For distribution mains less than 16 inch in diameter, 
with allowance for Ts, valves, bends, corporation 
cocks, or other specials involving friction loss...... C= 125 


Variations possibly approaching 10 per cent higher or lower 
may be found, but the foregoing represent the average values 
from data available to the Committee. 

The most widely used basis for estimating the probable loss 
of capacity of tar-coated cast iron pipe with age, (other than 
the convenient, though inadequate, assumption that C = 100) is 
the age-coefficient relation shown in the column headings of the 
Williams-Hazen tables. 

These Williams-Hazen predicted age coefficient relations—or 
trends of C—accordingly form a convenient basis for compari- 
son with actual trends computed from the data submitted to the 
Committee. 

The data compiled on actual trends of the age-coefficient 
relation for tar-coated C. I. pipe includes a total of 473 tests 
in 19 different cities. These data, results of which have not 
heretofore been published, have been classified and are pre- 
sented in the form of trend curves. 

These trend curves, as in the assumption of values for new 
pipe, have been segregated into two major classifications, namely, 
for supply and transmission mains 16-inch and over in diameter, 
and for distribution mains less than 16-inch in diameter. 

Further classification has been made by grouping trend curves 
of similar type or source of supply; or according to general 
location or type of supply. 


Summary of Data on Actual Capacity Loss 
in Tar-Coated C. I. Pipe 


The data on actual loss of capacity in tar-coated C. I. mains 
may be briefly summarized, as follows: 

Supply lines in nine cities showed a loss after 30 years of 37 
per cent as compared with a predicted Williams-Hazen loss of 
308 per cent. 

Distribution mains in ten cities showed an actual loss in 39 
years of 64 per cent as compared with a Williams-Hazen pre- 
dicted loss of only 37 per cent. 

Average results of 473 tests in 19 individual systems, includ- 
ing sizes ranging generally from 6-inch to 48-inch in diameter. 
with a weighted average size (according to numbers of tests of 
each size) of 20.5 inches, showed an actual loss in 30 years of 
51.5 per cent, as compared with a predicted loss of 32.3 per 
cent for pipe of the same diameter. 

These data accordingly indicate that the Williams-Hazen 
predicted trends are applicable primarily to large diameter 
rains carrying relatively inactive water—and do not represent 
“average conditions.” 





Quality of Supply and Its Effect on Capacity Loss 


The wide variation in rate of capacity loss in different sys- 
tems and the appreciable extent to which this loss progresses 
in a relatively short time in many systems, directs attention to 
probable causes of such loss. In collecting data, the Committee 
has accordingly attempted to consider the quality of supply and 
its effect upon rate of capacity loss. 

Alkalinity and carbon dioxide have an important effect on 
rate of capacity loss. Because of the inter-relation between 
alkalinity, carbon dioxide, and pH, this effect may be measured 
egainst the pH value alone. 

The relation of pH to rate of capacity loss has been illus- 
trated in the report by a diagram on which the per cent of 
capacity loss in a fixed period, (30 years) in various supplies, 
has been plotted directly against the pH of the supply. 

The pronounced relation indicated by the data, showing the 
marked effect of pH on the relative rate of loss, may be sum- 
marized as follows: 

Approximate Average 
Per Cent Capacity Loss 


pH Value in Tar-Coated C. I. Pipe 


of Supply 
5.0 
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Capacity Loss in Tar-Coated C. I. Pipe 
Due to Special Causes Other Than Tuberculation 


Although tuberculation is most frequently the cause of loss 
of capacity in tar-coated cast iron mains, certain cases included 
in the Committee data afford examples of capacity loss due to 


other special causes. In some instances the resulting trends of 
capacity loss are quite similar to cases where loss was caused 
by tuberculation. Among special causes of capacity loss are: 
incrustation, due to the precipitation on the pipe either of 
natural mineral content in the water, or of lime after water 
treatment; slime or fungus growth; and silting. 


Coefficient Values of Cement-Lined Pipe 


In addition to the main section of the report dealing with 
friction coefficients of tar-coated cast iron pipe, a number of 
related subjects involved in the general question of friction 
coefficients, are discussed. 

Accordingly a second section of the report is devoted to 
coefficient values of cement-lined pipe. 

The development of the centrifugal method of applying 
cement lining has inevitably resulted in the increased use of 
this type of lining as a method of preventing capacity loss. 
Available data upon the values of C for cement-lined pipe 
are limited in scope and widely scattered in the literature. Ac- 
cordingly, all available data have been compiled and presented 
in order that they may be made more readily available. 

The Committee data indicates that the average value of C 
for new pipe, 4-inch to 24-inch in diameter with cement lining 
centrifugally applied, is 134, based on nominal diameter; and 
150 based on actual net diameter. 

These data also indicate that at least for mains 24-inch or 
less in diameter, the effect of lining thickness on diameter 
encroachment is sufficient to warrant considering values of C 
based both on nominal and on actual net diameter. 

Other tests on pipe with cement linings not applied by cen- 
trifugal methods showed the following values: For pipe with 
natural or Rosendale cement lining tested both when new and 
at the end of approximately a 10-year period, C = 136; for 
old style cement lined wrought-iron pipe 12-inch and 14-inch 
diameter, after 41 years of service, C = 104. 

Availabe data relative to the value of cement lining in main- 
taining hydraulic capacity are extremely limited in scope. One 
line tested when new and again after six years of service 
showed no loss of capacity. Another line tested when new 
and after 1, 7, and 10 years of service, also showed no ten- 
dency to decrease in carrying capacity with age. The data 
indicate that cement lining can be credited with a sustained 
capacity not attainable with tar-coating. 


Coefficient Values of Pipe with Bitumastic 
Enamel Lining Centrifugally Applied 


A third section of the report is devoted to a discussion of 
coeffcient values with Bitumastic enamel lining applied by the 
centrifugal method. As in the case of cement lining, develop- 
ment of centrifugal methods of application have resulted in a 
greatly increased use of this type of lining to control capacity 
loss. Due to limited data available, results of all of the tests 
which have been conducted, together with a discussion of test 
methods, have been presented in the report. Results available 
include tests on 10, 12, and 20-inch cast iron pipe; and on 30- 
inch steel pipe. 

The data indicate that coefficient values for new supply and 
transmission mains 16-inch in diameter and larger, with bitumas- 
tic enamel lining (centrifugally applied) may vary from C= 
145 to C= 160 with an average value of C = 155; all based on 
nominal diameter. 

These data also indicate that coefficient values for distribu- 
tion mains less than 16-inch in diameter, with this style of 
lining, may vary from C= 140 to.C=150 with an averaze 
valve of C= 145 

Bitumastic enamel lining is ordinarily applied with a thickness 
of only 3/32-inch. Encroachment on diameter is accordingly 
small, as compared with other types of lining. 

The first application of this type of lining was in 1931, and 
accordingly no data is available relative to its effectiveness in 
sustaining hydraulic capacity. The longest service period re- 
ported is two years, and the results of this test indicate no 
loss. The same material applied by the hand-brush method 
has been widely used for many years, and visual inspection of 
large pipe thus lined indicates that at least within periods of 
16 years no apparent deterioration has occurred. 


Application of Linings to Mains in Place 


While the foregoing methods of lining pipe provide methods 
of preventing or retarding capacity loss on new work, the 
question of restoration of capacity of many miles of mains 
already in place is of no less importance. The high cost of 
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abandonment and duplication of -existing mains, particularly 
under permanent pavements has directed attention to possible 
methods of reconditioning or lining existing mains in place, 
subsequent to cleaning. 


Reference is made in one section of the report to available 
methods of lining mains in place. 


Two methods have been devised in England for lining small 
diameter mains; the “Eric” process by which a bitumen lining 
is deposited electrically; and the Tate process, by which a 
cement-mortar lining is deposited in the pipe. 

In this country, two methods have been developed for the 
reconditioning and lining of large diameter mains. On pipe 
lines sufficiently large to permit entry, the lines may be care- 
fully cleaned and then treated with an application of hot 
bitumastic lining. A second method, which has recently been 
developed, involves the centrifugal application of a cement 
lining to large diameter mains in place. The lining is whirled 
into place by centrifugal force from a high speed centrifugal 
jet. 


Corrective Treatment 


In addition to the use of protective linings, chemical treat- 
ment of the water for reduction of corrosion has been adopted 
in recent years to abate the problem of capacity loss, and men- 
tion is made in the report, of some of the more important 
phases of corrective treatment. 

Lime, sodium hydroxide and soda ash are among the alkalies 
used to reduce corrosion. 

If water is maintained saturated with respect to calcium car- 
bonate, it will be practically non-corrosive to iron. 


In maintaining adequate corrective treatment it is essential 
to maintain the treated water at or very near the saturation 
point, for super-saturation results in excessive deposits, and 
under-saturation causes the destruction of the needed protective 
film. 

In corrective treatment, consideration must be given to the 
fact that the pH value at which saturation equilibrium occurs, 
varies with the characteristics of the water treated. 

The calcium bi-carbonate, (alkalinity) of the water and its 
magnesium content are the most important factors. Saturation 
occurs at a pH of only 7.2 with an alkalinity of 190 ppm., 
whereas with water containing only 15 ppm. alkalinity, the pH 
must be raised to 9.3. 

Accordingly, in planning corrective treatment, particular atten- 
tion must be given to the characteristics of the water. The 
fact that a pH of 8.0 for example, is successful in controlling 
corrosion in one system, is no criterion as to the pH that must 
be maintained with another supply. 


Restoration of Capacity of Unlined Cast Iron 
Mains by Cleaning 


Cleaning of cast iron mains to restore capacity is an impor- 
tant consideration in the problem of capacity loss. 

Two important phases of this question are discussed in the 
report: First, the immediate increase in coefficient values and 
consequent increase in capacity obtainable by cleaning. Second, 
the rate of capacity loss subsequent to cleaning, or otherwise 
expressed, the maintenance of capacity after cleaning. 

Data available to the Committee indicate that cleaning will 
ordinarily restore mains to approximately 85 per cent of their 
original capacity. The average value of C in 24 tests was 39 
before cleaning, and 104 after cleaning. If it is assumed that 
the value of C for new pipe was 125, the percentage of original 
capacity was accordingly 31 per cent before, and 83 per cent 
after cleaning: 

The period through which the relatively high capacity ob- 
tained immediately after cleaning is sustained, is subject to 
wide variations in individual cases. Some instances, particu- 
larly with small mains, are recorded, wherein the results of 
cleaning do not last more than four or five months. In other 
instances the capacity is maintained at reasonably high values 
for substantial periods of time. 


Summary of Appendices 


\ll of the foregoing subjects deal directly with coefficents 
with tar-coated cast iron pipe, with the effect of age on co- 
efficient values, or with alternate methods of retarding or pre- 
venting capacity loss. 

Certain 


other subjects, while not directly concerned with 








these questions are, nevertheless, involved in the general ques- 
tions of pipe-line friction coefficients. Among these related 
subjects are coefficient values of steel and of concrete pipe. 


Coefficient Values of Steel Pipe 


A discussion of coefficent values for steel pipe, due to the 
wide difference in interior surface with various methods of 
pipe construction, necessitates a definition of the several classes 
of steel pipe. 

The classification of alternate types by Scobey in Bulletin 
150 of the U. S. Dept. of Agriculture, provides a convenient 
standard for summarizing the values of C for various types of 
steel pipe when new. 

The ordinary average values of Williams-Hazen C for 
various classes of new steel pipe may be summarized as follows: 
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Coefficient Values of Concrete Pipe 


Available data on concrete pipe indicate an extremely wide 
range in values of C, with instances of values as low as C= 
85 and as high as C=152. This wide range may be attributed 
not only to variation in surface texture or roughness of the 
pipe, but also to the relative uniformity of the pipe bore or, 
in other words, the presence or absence of undulations on the 
interior surface. 


With these wide variations, particular care must be exercised 
in selecting values of C for concrete pipe. 


Data available to the Committee indicate that the average 
value of C for the best grade, new, and large diameter precast 
reinforced concrete pipe, carefully manufactured, may be as- 
sumed to approximate C= 150. On the other hand unless 
rigid metal forms, rich mix of concrete, careful curing and 
best workmanship throughout are employed, considerably lower 
values must be anticipated. 


Values of C for concrete pipe of different classes and differ- 
ent methods of manufacture are presented in the report, these 
values being taken largely from a comprehensive paper by Fred 
C. Scobey, on this subject. 

Tests on concrete pipe after substantial periods of service 
indicate that under normal conditions the initial capacity is 
relatively permanent. 


Summary 


The vast financial loss resulting from rapid capacity reduc- 
tion of pipe systems indicated by the data upon which the 
report is based, is a matter of major importance to the water 
works industry. It is believed of sufficient moment to warrant 
the determination, in each system, of the rate and cause of 
loss; as a basis for the adoption of the best preventive measures 
whether they are provision of permanent linings or corrective 
treatment of the supply. 


Upon the basis of the average data on tar-coated cast iron 
pipe, it is found that in 19 cities the average value of C after 
30 years’ service was 64, as compared with a value of 88 pre- 
dicted in the Williams-Hazen tables. Otherwise expressed the 
value of C dropped to 88 after only 11 years of service instead 
of after a predicted period of 30 years. 


Furthermore, these average figures involve relatively large 
mains (20.5 inches average diameter). In 8 out of 10 systems 
the value of C for distribution mains after 30 years’ service 
was less than 50—involving a consequent loss of capacity of 
from 61.6 to 84 per cent, as compared with a predicted loss of 
37.5 per cent. 

The trend curves presented in the report, illustrate a wide 
range of loss of capacity in various systems, and the very con- 
siderable magnitude to which such loss develops within a com- 
paratively short period in relation to the structural life of the 
pipe. It is hoped that these curves will serve to interest mem- 
bers of this and other associations in conducting and recording 
tests, in order that more selective numerical data may be ulti- 
mately made available to the profession. 

Elson T. Killam, Chairman; Frank A. Barbour, W. W. Brush, 

Laurence C. Hough, Charles W. Sherman. 
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TREATING WATER TO PREVENT CORROSION* 


By JOHN R. BAYLIST 


Associate Editor, Waterworks & Sewerage 


The writer, in 1930, presented some of the factors involved 
in preventing corrosion of water pipes.’ Curves were given to 
show the solubility equilibrium of iron and zinc compounds in 
the presence of their respective metals. These curves (Fig. 1) 
show that practically no iron or zinc will exist in solution when 
the pH is above 8.0. At a pH of 7.0 several parts per million 
of either metal may exist in solution in some form in the absence 
of oxygen, and at a pH of 6.5 quite a large amount of iron or 
zinc may be found in solution in the absence of oxygen. The 
article explained how corroding iron took all the free CO, 
and much of the half-bound CO: from the water, leaving the 
water distinctly alkaline where there was no dissolved oxygen 
present. If the water contained dissolved oxygen the iron was 
precipitated as a hydrous oxide. Section of a 1-in. cement lined 
pipe, which had been in service for 50 years at Danvers, Mass., 
also was shown. The interior of the pipe was in fairly good 
condition, indicating that the lining was still giving very good 
protection. 


Carrying Capacity of Pipes Greatly Reduced by Incrusta- 
tion Resulting from Corrosion.—That the carrying capacity of 
iron pipes may be greatly reduced by tuberculation and incrus- 
tation as a result of corrosion is well known to most every one. 


Haydock’ describes how cleaning the tubercles or incrustation 
from several pipe lines increased the flow. One line carried 
only about one-half its theoretical capacity, and another about 
two-thirds. Cleaning a pipe line 3 miles long increased the ca- 
pacity to the extent that a pumping station could be abandoned, 
and cleaning another line 5 miles long also enabled the aban- 
donment of a pumping station. The friction loss through a 12- 
in. line 4 miles long 20 years old was nearly three times that 
of a new line. The capacity was increased by approximately 
35 per cent and the delivered pressure by 20 lb. The gravity 
delivery of a 16-in. pipe 10.5 miles long was increased 60 per 
cent by cleaning. Cleaning a 13 mile section of a 12-in. pipe 
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_ *Excerpts from an article which appeared in WATERWORKS AND 
SEWERAGE. 
*Physical Chemist, Bureau of Engineering, Chicago, Il. 
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line 22 miles long, which had been in service about 16 years, 
increased the capacity approximately 35 per cent, and cleaning 
another section of the line 6 miles in length increased the carry- 
ing capacity to 46 per cent. 


Increased Pumping Pressure or Larger Mains Very Expen- 
sive.—In some instances it is possible to deliver the desired 
amount of water through distribution systems that have become 
partially clogged by increasing the pumping pressure as the 
friction losses increase, or to install booster pumping stations 
on the distribution system in certain sections where the pres- 
sure is low. Haydock refers to the delivered pressure being 
increased 20 lb. by cleaning the pipes in one instance. Assume 
that it was desired to maintain this 20 lb. increased pressure, 
evidently it was quite expensive to do it at the pumping sta- 
tion. A fair average of the cost of lifting one million gallons 
of water 1 ft. in height is probably 5 ct. Twenty pounds is 
equivalent to about 46 ft. in head. In this case it would cost 
about $2.30 per million gallons to maintain the increased pres- 
sure. 

If corrosion is going to reduce the carrying capacity of the 
water mains in a certain city 50 per cent within 20 years, what 
is the best way of handling such a situation? Should mains 
be installed large enough to give the desired capacity with a 50 
per cent reduction in carrying capacity? The cost of such an 
investment over what would be necessary if there was no -cor- 
rosion very likely would be much more than the cost of mak- 
ing the water reasonably non-corrosive. 


With the exception of feeder mains, engineers usually desi 
the water distribution system for fire protection. How many 
engineers allow for a 50 per cent reduction in the carrying ca- 
pacity of the pipes within 20 years where the water is corro- 
sive? How many make any distinction whatever in the design 
where the water is corrosive and where it is not corrosive? The 
writer is of the opinion that corrosion has not been given its 
proper consideration in the design of water systems. This is 
largely due to the lack of specific information in the past as 
to how much the carrying capacity will be reduced within a 
certain time. 


Treatment with an Alkali for Partial Protection.—The litera- 
ture on the treatment of water to prevent corrosion indicates 
quite conclusively that the corrosiveness of water may be greatly 
reduced by proper treatment. It seems that some of the authors 
of articles on corrosion prevention do not fully realize the im- 
portance of a film for protection. So long as iron stains are 
prevented, some think that this is all the treatment that is neces- 
sary. As a matter of fact the carrying capacity of the pipes 
may be reduced just as rapidly as before, because most of the 
corroding iron is deposited near where the corrosion is taking 
place and forms large tubercles that are more effective in re- 
ducing the carrying capacity of the pipes than if the rust was 
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itating the iron compounds and also some calcium carbonate, 
ee Se ae especially when the water has a fairly high alkalinity. If the 
AS a water in the mains is saturated with calcium carbonate, then the 
20 POG ATEN precipitated calcium carbonate will not be dissolved out of the 
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‘s ond = —. Carbonate.—The saturation equilibrium of calcium carbonate for 
various pH values has been determined fairly accurately where 
there are no other compounds to interfere. The writer has pub- 
Pe lished a curve in several articles showing the approximate equi- 
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deposited fairly uniform over the surface of the pipe. Treat- 
ment just to the point where red water complaints cease may 
not materially reduce the cost to the water department for 
cleaning pipes, constructing new mains, and increasing the pump- 
ing pressure. 

Water Just Saturated with Calcium Carbonate s the Most 
Desirable Equilibrium.—As a general rule, it might be said that 
water saturated with calcium carbonate is the most desirable 
equilibrium when everything is taken into consideration. This 
is not strictly true for very soft waters, for it is desirable to 
have the water slightly supersaturated part of the time so as 
to form a thin protective film. Where the calcium carbonate 
alkalinity of the water is below 30 parts per million the appli- 
cation of lime to produce a slight supersaturation of calcium car- 
bonate should be done with considerable care, otherwise caus- 
tic water might be produced. After a thin coating has been 
formed on the pipes the water should be kept saturated with 
calcium carbonate practically all the time to keep the coating 
from being dissolved. It is admitted that the very soft waters 
are the most difficult to protect, for we are working with 
equilibriums difficult to maintain exactly on the saturation point. 
It may be almost impossible to do this with the force available 
in small plants and it may be necessary to sacrifice some pro- 
tection to avoid occasional caustic taste in the water. There is 
no reason why large plants with skilled supervision should not 
be able to maintain a fairly constant equilibrium. 

Where water has a calcium carbonate alkalinity in excess of 
about 30 it is easier to protect the pipes. If this water is placed 
in contact with an iron surface the iron going into solution will 
take up all the free Co, that is in the water and part of the 
half-bound CO:. Table I shows how quickly the pH changes 
in water exposed to iron lathe turnings. After the pH reaches 
8.1 no free CO: is present. This was due to the CO. combin- 
ing with the corroding iron. 

At any point on the surface of an iron pipe where corrosion 
starts to take place due to the surface becoming exposed in some 
manner, there is a tendency for the iron going into solution to 
take up the free and part of the half-bound CO:, producing 
a supersaturation of calcium carbonate in the immediate point 
where corrosion is taking place. This supersaturation helps to 
quickly form a coating over the exposed surface both by precip- 


fected by certain compounds that may be in the water, and for 
natural waters the best procedure is to determine the equili- 
brium by tests for the particular water. This is done by treat- 
ing the water in a manner in which it is desirable to treat in a 
plant to the point where it is thought the treatment will make 
the water saturated with calcium carbonate. If lime is to be 
used in the plant, then the water should be treated with lime; 
and if soda ash is to be used, then this should be used in the 
test. Usually the water is already being treated with an alkali 
and it is only necessary to collect a sample of the water after 
treatment. 

Place the water in contact with powdered calcium carbonate 
in a closed flask and agitate until equilibrium has been estab- 
lished. If a one-liter flask is used, place at least 200 grams of 
powdered calcium carbonate in the flask and wash several times 
with water the same as is to be tested. Fill the flask nearly full 
of the water to be tested, first determining its pH and alkalinity. 
If agitated constantly, the equilibrium should be established 
within 24 hours. When agitated frequently by hand, it should 
be kept up for about 3 days. The flask should be stoppered 
tightly so that CO. from the air will not affect the results. If 
either the pH or alkalinity changes, equilibrium has not been 
established. An increase in alkalinity indicates the water is not 
saturated and a decrease indicates that it has been supersaturated. 


Most natural waters contain magnesium carbonate as well as 
calcium, and the presence of a considerable amount of magne- 
sium may materially alter the equilibrium curve. This is shown 
by the curves in Fig. 2. The presence of sodium carbonate also 
alters the curve. When sodium carbonate is present the only 
way the saturation equilibrium of the water in regards to cal- 
cium carbonate can be determined is by actual trial. 

Temperature also has an effect upon the saturation equilibrium 
of calcium carbonate. The curves shown in Fig. 2 were deter- 
mined at room temperature, that is, about 20 to 22° C. The 
other curves are based on actual tests, but not enough were run 
to state that the curves are absolutely correct. They should be 
regarded as somewhere near the true lines. 

Corrosion prevention by treatment of the water has been dem- 
onstrated to be practical and economical. This being true, then 
it seems that all corrosive waters should be treated. 


IBaylis, J. R. How to Avoid Loss by Pipe Corrosion. 
WorkKSs ENGINEERING, 83 :13-14, 31-32, 35-36, Jan. 1, 1930. 

2Haydock, C. The Cleaning of Cast Iron Water Pipe Lines. 
Jour. Am. Water Works Assoc., 11:533-4, May, 1924. 
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DETERMINING THE NECESSARY TREATMENT TO 


PREVENT CORROSION” 
By P..L. McLAUGHLIN 


Sanitary Engineer, West Virginia Water Service Co., Charleston, W. Va. 


Difficulties from red water and corrosion have necessitated 
corrective treatment at nine of the fifteen water works plants 
owned by the West Virginia Water Service Company in the 
State of West Virginia. 

All nine of the supplies considered are purified in rapid sand 
filtration plants. Lime is applied to the filtered water in the 
clear water wells at seven of the plants. 

Satisfactory experiences can be cited for the plants using cor- 
rective treatment. Without exception, the managers of these 
properties report that present conditions are far superior to those 
experienced prior to the use of the treatment. Practically no 
complaints of red-water are received by them today except oc- 
casionally from consumers residing on dead ends of the distribu- 
tion systems. Furthermore, all managers report the presence of 
a white film, or protective coating, in the pipes of their distribu- 
tion systems, although the extent to which this coating has been 
deposited varies with the different waters and seems to be de- 
pendent upon the size of the distribution system, the length of 
time the treatment has been in use and the accuracy with which 
it has been carried out. 


The Method Adopted 


The treatment consists of producing a plant effluent which 
is in “chemical balance”; that is, at the saturation point with 
respect to its power to dissolve calcium carbonate. This pro- 
cedure is based on accepted principles that a water which no 
longer dissolves calcium carbonate should tend to form a pro- 
tective coating in the mains and thus prevent corrosion. The 
writer uses the following procedure for rapidly determining, on 
a single sample of water, the correct pH to maintain through 
lime addition. 

The procedure adopted assumes that the degree of undersatura- 
tion or the degree of supersaturation (within the limits required 
for performance of the test), of a water at a given alkalinity and 
pH is a function of the degree of increase or the degree of 
decrease in the total alkalinity of that water after contact with 
an excess of pure CaCQO;. Therefore, to determine the pH 
value at which the saturation point of an undersaturated water is 
attained, it is only necessary to increase the pH of a sample of 
that water (with lime) through a series of arbitrary pH values. 
Then, determine the degree of undersaturation, or supersatura- 
tion, as expressed by parts per million gain or loss in total 
alkalinity after treatment with CaCO;, of the samples treated 


*From WATER WoRKS AND SEWERAGE—March, 1936. 
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Fig. 1—Saturation Point of Charleston Filtered Water 
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Fig. 2—Saturation Point of Nitro Filtered Water (Oct. 23, ’35) 


to produce increasing pH values. The use of a graph is then 
resorted to. The following example of the method as actually 
applied will illustrate the procedure. 


Test Procedure 


A one gallon sample of filter effluent, taken ahead of plant 
treatment with lime, was collected in a gallon glass bottle. The 
pH of the sample was determined and found to be 6.5 and the 
total alkalinity (Methyl Orange) 18 p.p.m. About 200 c.c. of 
the sample was then transferred from the bottle to an Erlen- 
meyer flask. One teaspoon full of C.P. powdered (precipitated) 
CaCO; was added to the water in the flask and stirred for five 
minutes. The carbonate was then allowed to settle, after which 
the supernatant liquid was filtered through filter paper and the 
alkalinity determined on the filtered portion. This alkalinity was 
36 p.p.m., an increase of 18 p.p.m. over that of the original sam- 
ple in the gallon bottle. The increase in alkalinity was then 
plotted against the original pH value (6.5), thus determining 
the first point on the curve. (See Fig. 1.) i 

Hydrated lime in solution (lime-water) was then added grad- 
ually to the original sample in the gallon bottle and thoroughly 
mixed by stirring until the pH of the sample had increased to 
approximately 7.0—in this instance, 7.05. At this pH the alkalin- 
ity was determined on an unfiltered portion and found to be 24 
ppm. <A 200 c.c. portion of the sample was transferred, as 
before, to an Erlenmeyer flask; CaCO; was added, mixed for 5 
minutes, settled, filtered and the alkalinity of the filtrate deter- 
mined. It had increased to 34 p.p.m., representing a 10 p.p.m. 
pick-up of alkalinity from the carbonate as compared to an 18 
p.p.m. pick-up in the first test on the unlimed sample. The sec- 
ond point on the curve was thus located, the increase in alka- 
linity of 10 p.p.m. being plotted against the pH of 7.05, which 
was that of the lime treated test sample. 

More lime was then added to the water in the gallon bottle 
until the pH was raised to 7.5. At this pH value the alkalinity 
was 25 p.p.m. As before, a portion of the sample was removed 
and treated with CaCO:, and an increase in alkalinity of 7 
p.p.m. was observed. This increase was plotted against pH 7.5, 
forming the third point on the curve. 

In a similar manner the pH of the sample in the bottle was 
raised with lime to pH values of 8.3, 8.7, 8.9 and 9.1 and the 
differences in alkalinities after treatment with CaCO; were 
plotted against each of these pH values. 





















142 





WATER WORKS AND SEWERAGE DATA 









It will be noted from the curve that at pH 8.7 the water was 
only slightly undersaturated, the increase in alkalinity after 
treatment with CaCO; being but 3 p.p.m. At a pH of 89, how- 
ever, the alkalinity decreased 1 p.p.m. after treatment with 
CaCOs, showing that at this pH the water was slightly super- 
saturated and some calcium alkalinity had deposited out on the 
suspended carbonate. Therefore, the exact point of equilibrium 
lay between these two pH values, or for all practical purposes 
at pH 8.9—see Fig. 1. The pH of the sample in the bottle was 
then increased to 9.1 in order to portray the trend of the curve 
more accurately. 

Having determined the saturation point of the sample by the 
above procedure, its adaptation to plant control consists merely 
in adding enough lime to the filtered water to maintain a pH 
value of 8.9 or thereabouts in the plant effluent. 

Inasmuch as free carbon dioxide gas (CO.) influences the 
solubility of calcium carbonate in water, care should be taken 
in carrying out the procedure not to allow the sample to come 
in contact with the air any more than possible, and to avoid 
shaking or violent agitation of the sample. Removal of por- 
tions of water from the original sample should be made with a 
transfer pipette and a good grade of filter paper should be used 
for filtering the portions treated with CaCO;. The procedure is 
carried out at room temperature and it is believed that a negli- 
gible error may be introduced thereby, since in the case illus- 
trated the temperature in the Charleston laboratory was some 
10 to 15 degrees higher than the temperature of the water in the 
clear well and in the mains. 

A convenient and explanatory method of recording the data 
obtained in carrying out the procedure is shown below: 

Filter E ffluent—Charleston, October 17, 1935 


pH 6.5 CaCO: added, mixed Undersaturated 
+18 


Alk. 18 settled and filtered Alk. 36 

Lime added: 

pH 7.05 CaCOs added, Undersaturated 
Alk. 24 etc. Alk. 34 +10 
Lime added: 

pH 7.5 CaCO: added, Undersaturated 
Alk. 25 etc. Alk. 32 +7 
Lime added: 

pH 8.3 CaCOs added, Undersaturated 
Alk. 27 etc. Alk. 33 +6 
Lime added: 

pH 8.7 CaCOs added, Undersaturated 
Alk. 28 ete. Alk. 31 +3 
Lime added: 

pH 8.9 CaCOs added, Supersaturated 
Alk. 32 ete. Alk. 31 —1 

Lime added 

pH 9.1 CaCOs added, Supersaturated 
Alk. 35 etc. Alk. 27 —S 


The Influence of Calcium Bicarbonate 
In the Water to Be Treated 


It is known that when the calcium carbonate content of a 
water is less than 25 to 35 p.p.m., the calcium carbonate content 
must be built up to this amount before corrosion can be effective- 
ly prevented. The alkalinity of the water used to illustrate the 
procedure was but 18 p.p.m., and the water was therefore below 
the prescribed limits as to its calcium carbonate content. How- 
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Fig. 3—Saturation Point of Nitro Filtered Water (Oct. 18, ’35) 
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Fig. 4—pH Saturation Point vs. Total Alkalinity—Operating 
Curve : 


ever, this deficiency was automatically taken care of in the pro- 
cedure and in its adaptation to plant control methods by the use 
of lime which increased the calcium carbonate content to the 
point required for saturation. Several of the water supplies re- 
quiring corrective treatment operated by the West Virginia 
Water Service Co. normally, or occasionally, have calcium car- 
bonate contents in excess of the minimum requirements. The 
procedure for determining the pH of the saturation point for 
these waters is carried out with lime in the same manner as 
described. 

Figure 2 shows the curve obtained by the procedure on such 
a water. The sample was taken recently from the filter effluent 
of the Nitro plant which treats Kanawha River water and had 
a pH of 7.1 and an alkalinity of 47 p.p.m. 

The saturation point of the same supply, determined five days 
previously, is shown by Fig. 3. In this case, the pH of the filter 
effluent before lime addition was 6.9 and the alkalinity was only 
39 p.p.m. 

Inasmuch as the pH of the saturation equilibrium with calcium 
carbonate of any water depends, among other factors, upon the 
concentration of dissolved alkaline compounds in that water, it 
has been found, as would be expected, that the pH of the satura- 
tion point varies with changes in the chemical composition of 
the water. As the alkalinity decreases, the pH and total alkalin- 
ity at the saturation point increases and vice versa. 

Protective carbonate coatings will be quickly dissolved and 
removed if the water in contact with them is undersaturated. 
Also, such coatings will be built up too rapidly if the pH of the 
water is carried too high above the saturation point. Therefore, 
to practice effective control in the treatment for the prevention 
of red-water and corrosion on a supply of fluctuating chemical 
character it is necessary to vary the pH of the plant effluent as 
frequently as is required to meet changing raw water conditions. 


A General Curve for Plant Control 


For a given supply, saturation points (pH values) can be de- 
termined by the procedure for various alkalinity values and a 
saturation curve plotted from this data. Figure 4 represents 
such a curve under process of development for the Charleston 
water. With experience the number of trial tests can be reduced, 
and once the curve has been established for a supply, the ap- 
proximate pH of the plant effluent of that supply required to 
bring the water to equilibrium with calcium carbonate can be 
selected at once by merely determining the total alkalinity of 
the water to be treated. Then, if desired, a single check test 
should confirm this value if made on the plant treated water. 

When corrective treatment is first applied to a water supply 
it is probably best to deliver the water to the distribution system 
in a slightly supersaturated condition for a period of several 
months or until a thin protective film has been built up in the 
mains. The treatment should then be reduced and maintained 
as closely as possible at the pH of the saturation point with 
calcium carbonate. It will be found difficult, if not impossible. 
to maintain the pH at exactly the desired value under crdinary 
methods of plant. control but the slight variations experienced 
should not impair the success of the treatment in so far as over- 
all practical results are concerned. 

In closing, it should be pointed out that the procedure pre- 
sented in this paper is not held to be without errors but it 1s 
believed that the procedure provides a rapid and workable 
method, sufficiently accurate for the purposes required, whereby 
the pH of the saturation point of a water can be obtained from 
a single sample of that water, thereby eliminating cut and try 
methods on a plant scale. At least it has been successfully ap- 
plied to the low alkalinity waters encountered in several West 
Virginia plants. 
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WATER SOFTENING™ 


by CHAS. P. HOOVER 
Columbus, Ohio 


The consumer judges water to be hard if much soap is 
required to produce a lather, and soft if it lathers freely. The 
hardness of most water supplies is due to four compounds 
which are held in solution. These compounds are: 

1. Calcium bicarbonate (solution of limestone, 

waters containing carbon dioxide, CO.). 

2. Magnesium bicarbonate (solution of magnesite, MgCOs, in 
waters containing carbon dioxide, CO2). 

3. Calcium sulphate (in the form, CaSO,.2H.O, is known 

as gypsum). 

4. Magnesium sulphate (in the form, MgSO,.7H.0, is known 

as epsom salts). 

As long as any of these compounds or a combination of 
them are present in a water supply it is hard. 

Chlorides and nitrates of calcium and magnesium are some- 
times present. 

Calcium and magnesium bicarbonates were formerly desig- 


CaCOs, in 


nated as temporary hardness, but are now termed carbonate 
hardness. 
Calcium and magnesium sulphates, chlorides, and nitrates 


were formerly designated as permanent hardness or incrustants, 
but are now usually called non-carbonate hardness. 

Water softening processes remove objectionable iron com- 
pounds and manganese as well as hardness. 

In general terms, hard water is made soft by a treatment 
which changes calcium and magnesium compounds from a 
soluble to an insoluble form, and then by removing the insoluble 
compounds by sedimentation and filtration, or by an exchange 
process, which consists in replacing the calcium and magnesium 
with sodium. The first process is known as the chemical, or 
lime-soda process, and the second, the zeolite process. 

[Elsewhere in this issue appears a map of the United States 
which reveals the average hardness of public water supplies of 
important American municipalities, of each State.—Ed.] 





History 


The art of water softening with lime dates back to the year 
1766 when Cavendish discovered that the addition of lime to 
natural water caused a deposition of the carbonates of calcium 
and magnesium. The proposal to use lime for softening hard 
water on a plant scale was advanced by Thomas Henry in 
England about 1800, but it was not until 1841 that water 
softening on a large scale was developed by Dr. Thomas Clark 





*Ecerpts from ‘‘Water Supply and Treatment’’—written by Mr. 
Hoover and published by the National Lime Association. 





America’s Most Attractive Water Works Plant (WateR Works AND SEWERAGE Contest—1935) and the Newest of American 
Softening Plants of Important Size 


of Aberdeen, Scotland. He patented the process of adding lime 
to water to precipitate earthy carbonates held in solution by 
carbonic acid. 

Winnipeg, Canada, built the first municipal plant in 1901. 
In 1903, the first municipal plant in the United States was built 
at Oberlin, Ohio. 


In 1908, water softening on a larger scale than had hitherto 
been tried was undertaken at Columbus, Ohio, when a plant 
having a capacity of thirty million gallons per day (now 50 
m.g.d.) was constructed. 

For years the advantages of water softening were offset to a 
certain extent by disadvantages. Difficulties arose in operating 
sand filters on account of incrustation of the sand with calcium 
carbonate. Water mains, service pipes and meters became 
clogged with heavy deposits. When water contained an excess 
of causticity it was unpalatable. The recarbonation process 
developed by Archbutt and Deeley in the latter part of the last 
century, was employed at several plants in England for the 
purpose of overcoming all the above difficulties, but its first 
employment in this country, on a successful plant scale, was in 
1921 at Defiance, Ohio. Since that time practically all water 
softening plants have been equipped with recarbonation devices. 


The chemistry of water softening is now well understood, 
and an exact prediction of the results to be obtained can be 
made. Improvements in design and equipment for applying 
chemicals and removing sludge all tend toward simplifying 
operation. As a result of these improvements there has been a 
decided trend toward some degree of water softening by 
municipalities throughout the United States. Industry has gone 
forward with water softening to a far greater extent because 
of proven economies in processes, materials and equipment 
where soft water is made available. 


Economic Aspects of Water Softening 


The water supply in a large number of cities and villages 

should be softened because: 

1. Hard water destroys soap; makes household work more 
difficult; has a bad effect on clothes washed in it, on 
plumbing, heating systems, boiler tubes and shells; and is 
unsuitable for many industries. 

2. Softening at a central source of supply rather than in 
thousands of homes is economically sound. 

It is cheaper to pay a reasonable additional charge for cen- 

tralized softening than to accept a hard supply, a portion of 
which must be softened in the home. Al!l of us, whether we 
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know it or not, soften some water each day, for it is necessary 

to use soft water to keep clean. 

All public water supplies contain some hardness and that 
portion of the water in which soap is used must be softened to 
be effective. Soap has very little cleansing action until it 
lathers and it will not lather until the hardness sa!ts in the 
water have been neutralized by it. 

Aside from the objections of the precipitated soap curd, the 
extravagance of removing hardness with soap can be appre- 
ciated when it is realized that a pound of lime costing approxi- 
mately one-half cent will neutralize as much hardness as 20 
pounds of soap costing approximately $3.00. 


Soap Losses Determined Experimentally 


The amount of soap consumed and the quantity of water 
used for household processes, laundering, dish-washing, clean~ 
ing, washbowl activities, and bathing, was carefully measured 
for a period of one week, and calculated for a year." Two 
kinds of water were used, each for one week: (1) Scioto River 
water which was filtered and sterilized but not softened. The 
hardness was 270 parts per million (16 grains per gallon). It 
was delivered in 10-gallon bottles to the home where the experi- 
ments were made. (2) Softened water as delivered to con- 
sumers. The hardness averaged about 80 parts per million (4.7 
grains per gallon). In the home where the experiments were 
made there were five people, three adults and two children. 
Ivory soap in bar and flake form was used, the former costing 
21 cents per pound and the latter 31 cents. The laundering 
was done in a vacuum type electric washer, the weight of the 
clothes averaging 29 pounds per washing. 

Water-works records show that this family used the average 
quantity of water, about 30 gallons per day per capita. Their 
bill amounted to 75 cents per month. The soap was dried and 
weighed before and after it was used, so that the difference in 
weight would represent the weight actually used. The resu!ts 
for the week figured to one year show: 

1. That this family used 281 gallons of water a week for 
ordinary household cleaning, divided as follows: Laundry, 15 
gallons; dish-washing, 73 gallons; cleaning, 4 gallons; bathing, 
136 gal'ons; and washing of hands, 53 gallons. 

2. That approximately 11.46 pounds of soap were used per 
week with unsoftened water, or a total of 596 pounds per year. 

3. That approximately 3.7 pounds of soap were used per 


week with Columbus city softened water, or a total of 192.5 
pounds per year. 
4. That softened water saved this family 403.5 pounds of 


soap per year. 

5. That this soap, valued at 20 cents per pound, represented 
a saving of $80.70 per year and figured at 12 cents a pound, 
the price of cheaper laundry soaps, represented a saving of 
$48.42. 

6. That this consumer could afford to pay five or six times 
as much for softened as for unsoftened water. 

The investigation also disclosed the following facts: 

1. One-half again as much time was needed to 
clothes in the unsoftened as with the softened water. 


i Thesis presented for the degree of Master of Science by Miss 
Pauline Snyder, Ohio State University, 1927. 


launder 












2. The cleanliness of clothes washed in the unsoftened water 
was not entirely satisfactory. Several very soiled pieces had 
to be rewashed and all of the clothes had to be re-rinsed. 

3. The general appearance of the clothes was unsatisfactory, 

These figures may be high for the average family but they 
are fairly representative for a family of five living in moderate 
circumstances. There are 55,033 domestic services or consumers 
in Columbus, Ohio. Applying the above figures, if each one 
saves $48.42, the total saving would amount to $2,664,697.86. 
If this figure is divided by two because of the possible use of 
cheaper compounds to “break” the water, the saving would be 
$1,332,348.93. This amount is about eight or ten times the cost 
of chemical softening. 


Relations of Soap Wastage to 
Quantity and Type of Water 


The above experiment demonstrated that 8 gallons of water 
per day per person were used for household processes. This 
quantity was probably not all completely softened by soap. 
Other workers have made the following estimates of water 
completely softened per capita per day: 


Gallons 
ON sii Sinan aera adie ean pata oes ee ee 0.9 
Report of Special Committee for Madison, Wis.... 1.7 
ae OF De ES. Si xr wndio vee bedsa verse cueeeee 1.0 
Tb oiocicaa arg aah pickers ae hale oe Ol Pe k2 


The amount of soap required to reduce the hardness of 1,000 
gallons of water, one part per million, has been determined as 
being 0.2 of a pound (Foulk’s formula: Pounds of soap con- 
sumed per 1,000 gallons = 2+ 0.2H). 

Based on these assumptions, the loss per family of five using 
water of varying degrees of hardness is shown in the follow- 
ing table: 

SOAP WASTAGE AND COST WHEN USING WATER HAVING 
HARDNESS VARYING FROM 150 TO 500 PARTS 
PER MILLION 








Raw water Hardness Loss lbs. of Loss 
hardness removed by Hardness soap per family per family of 
p.p.m softening reduced to of five per yr. five per year* 
150 65 85 28.5 $3.40 
200 115 85 50.0 6.00 
250 165 85 72 5 8.70 
300 215 85 94.0 11.30 
350 265 85 116. 0 13.90 
400 315 85 138.0 16.55 
450 365 85 160.0 19.20 
500 415 85 182.0 21.85 


*Soap at 12 cents per pound. 


Actual Survey of Retail Soap Sales 


The economic effects of quality of water, with special refer- 
ence to soap consumption in the home, were demonstrated by 
H. W. Hudson‘ in a field survey of retail soap sales in four 
cities of the middle west: Superior, Wisconsin, and Blooming- 
ton, Champaign-Urbana, and Chicago Heights, Ilinois. A can- 
vass of all retail stores selling soap in these cities was made 
by a personal investigator who compiled a complete record of 
soap sales. The soap sales and per capita soap consumption 
with different types of water are shown in the following tables: 


TOTAL SOAP SALES IN FOUR CITIES 








Annual soap Annual soap 








City sales, pounds _ sales, dollars 
RR 1,530,314 $196,133 
Mioomiintam, TRUM 6. icncacccicssens 1,517,658 215,528 
Champaign-Urbana, Illinois .......... 2,093,881 307,732 
Chicago Heigits, THIMOW ..2..cccccscccs 1,009,503 159,910 


PER CAPITA SOAP CONSUMPTION WITH DIFFERENT 
TYPES OF WATER 





Total Annual per Annual 
hardness of capita soap cost of soap 
water supply consumption per capita 





City p.p.m. pounds dollars 
Superior, Wisconsin .......... 45 29.23 $3.75 
Bloomington, Illinois .......... 7 32.13 4.48 
Champaign-Urbana, Illinois .. 298 39.89 5.93 
Chicago Heights, Illinois ..... 555 45.78 7.50 


2Geological Survey of Ohio, Bulletin 29, 1925. 

®Report of Water Commission, 1922. 

‘Abstract of thesis for Doctor of Philosophy in Economics, 
versity of Illinois, 1933. 
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The results show: 

1. That soap bills increase as the hardness of the water 
with which soap is used increases. j 

2. That even with a relatively soft water, a considerable 
quantity of soap is required to remove dirt and grease. 

3. That by taking Superior as_a basis for comparison, the 
annual per capita soap waste is: Bloomington, 2.9 lbs.; Cham- 
paign-Urbana, 10.7 Ibs.; Chicago Heights, 16.6 Ibs. F 

4. That this loss in Chicago Heights would amount to $15.00 
per year per family of four. 

From the results of this study an equation was formulated 
to show the degree of hardness necessary in any particular 
water supply in order that the economy in soap obtainable by 
the use of soft water would pay for the cost of softening. 


C— 75D + 75F 


F—D 

X =hardness of water supply in p.p.m., the softening of 

which will be paid for in soap economy alone. 

75= demonstrated attainable hardness of water in p.p.m., 

from municipal water softening plants. 

F = soap waste per capita per year per p.p.m. hardness. 

C =capital overhead charges, including superintendence, per 

capita per year. 

D=cost of chemicals per capita per year per p.p.m. hard- 

ness. 

Mr. Hudson states that if this equation is applied to data 
for Champaign-Urbana and the hardness of the raw water 
tested only 145 p.p.m. (it is actually 298 p.p.m.) a municipal 
water softener that would soften the water to 75 p.p.m. would 
save enough in soap for home use alone to pay for itself. 


Effect of Hard Water on 
Power and Heating Systems 


Heating hard water causes it to deposit scale in water pipes, 
heating coils, boiler tubes, and boiler shells. The heat loss due 
to scale, 1/50 to 1/9 inch thick, has been computed to be from 
7 to 16 per cent.2 This means that with scale 1/9 inch thick, 
16 cents of every dollar paid for coal is lost. This is in addi- 





a — 


tion to the trouble, cost of drainage, and time lost in getting rid 
of the scale. According to an estimate of the American Rail- 
way Engineering Association,’ the damage caused by one pound 
of scale is 13 cents. The Association further estimates that the 
improvement in operating and maintaining locomotives, due to 
water softening, amounts to a saving of from $4,000 to $9,000 
per locomotive per year. 


Hard Water Stultifies Growth of Cities 


A study of tén Illinois cities shows’ that eight have com- 
paratively soft water supplies as judged by midwestern stand- 
ards, whereas the other two have supplies that are excessively 
hard. The two hard water cities will be designated as A and 
B. Both are situated in rich agricutural sections and are ad- 
vantageously located with respect to large markets. In spite 
of these advantages they have shown a very slow rate of 
growth. In 1880, A and B together had 26 per cent of the 
total population of the ten cities. In 1920 they together had 
only 13.7 per cent. 


Manufacturing industries which require soft water for their 
successful operation, in establishing plants select communities 
having satisfactory water, other things being equal. 

7Alvord, Burdick & Howson (Chicago), a private communication. 


Cost of Softened Water vs. 
Other Commodities 


“Cheap as dirt” is a common expression, but even expensively 
treated water is much cheaper! Two hundred and forty-one 
gallons of water equal one ton. Five cents a ton would be a 
little over 20 cents per 1,000 gallons, which is more than the 
average consumer pays for water in the larger and medium 
sized cities. A ton of dirt delivered would cost many times 
this amount. 


The cost per capita per year for various domestic services 
by a family of five in Columbus, Ohio, is shown in the chart 
on the preceding page. 


5U. S. Bureau of Mines, Tech. Paper 218. : 
‘Bulletin, American Railway Engineering Association, Novem- 
ber, 1923. 
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Weighted Average Hardness, by States, of Water Furnished in 1932 by Public Supply Systems in Over 600 Cities in the United 
States (Reprinted from U. S. Geol. Survey Water Supply Paper—658) 
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TASTE AND ODOR CONTROL PRACTICES 





By F. E. STUART! 


Taste and odor control is now second only to the production 
of a safe water. The cost has been studied carefully and has 
been weighed against its importance as a routine treatment. 

Now that the economics of taste and odor control by applying 
large dosages of powdered activated carbon have been compared 
with the economics of closely controlled coagulation, involving 
carbon adsorption, a new flow scheme is becoming apparent. A 
combination of these two methods of treatment appears to be 
the most overall efficient and economical. 

A short review is necessary to bring up to date the work that 
has been done on carbon by observers in the field. Further, to 
point out why ‘this new type taste and odor control flow scheme 
is the most practical. 

When alum is added to water and coagulation is produced, a 
large percentage of taste producing elements in the raw-water 
is precipitated in the settling basins. This is common practice 
and the effectiveneness coagulation is taken for granted. 

Previous to the introduction of activated carbon, these precipi- 
tated impurities underwent decay and generated gases and 
liquids of decomposition, which contaminated the newly coagu- 
lated water passing through the basins. Putrefying and liquefy- 
ing sludge in the settling basins is a more common cause of 
tastes and odors than generally realized. A high chlorine de- 
mand in the filtered water and of tastes in dead ends are created 
by the same phenomena. This is not difficult to appreciate when 
one remembers how badly the basins smelled when they were 
last cleaned. 


Carbon in the Coagulation Stage 


At Daytona Beach, Fla., Superintendent Tippins in 1931 found 
that carbon used in the coagulation process would inhibit bac- 
terial activity in the settled sludge—resulting in odorless sludge 
and odorless filtered water. These findings were later con- 
firmed by Furman at Toledo, Ohio, and Fitzgerald at Norfolk, 
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Va. This effect of carbon on coagulated sludge has become 
known as “Stabilization of Sludge.” 

Secause of the good results obtained, other observers added 
carbon to the mixing chamber in dosages sufficient to remove the 
tastes and odors present,—dosages between 18 and 32 pounds 
per million being the most common. 

Middlestadt in Sacramento, Cal., about this same time made a 
careful study of the amount of carbon needed to stabilize sludge 
and found this dosage to be very small—from 2 to 4 pounds per 
million gallons. In a recent survey 54 per cent of the plants 
now using carbon for taste and odor control have been adding 
small dosages of carbon to the mixing chamber to stabilize sludge 
and condition the filter sand. 


Split Dosage 


Later work showed a further reduction in the cost of carbon 
treatment by utilizing a split treatment; adding half of the total 
carbon dosage to the mixing chamber and half to the water 
flowing to the filters. More complete taste control has been 
accomplished thereby. 





'Water Purification Division—Activated Alum Corporation, New 
York, N. Y. 





Comparing the results between large dosages of carbon added 
continuously to the water flowing to the filters, large dosages 
added to the mixing chamber and split treatment the last proved 
to be the most economical. This brought about the latest change 
in treatment practice—adding the total amount of carbon to each 
filter after washing (about 4 to 6 pounds per million gallon filter 
area) and the addition of sufficient carbon to stabilize sludge and 
condition the filter sand, along with the alum dosage. A con- 
venient method of doing the latter is to utilize the ready pre- 
pared activated alum which contains the required quantity of 
powdered carbon. 


The floc produced by activated alum is more easily controlled 
than ordinary alum, because of the millions of tiny activated car- 
bon particles which assist in the formation of the floc. A stable 
sludge will result and stable filter sand also, because the carbon 
particles are distributed throughout the floc. The floc does not 
break down as easily as ordinary alum floc and it has been found 
that less residual alumina is present in filtered water when acti- 
vated alum is used. 


Filter Dosing 


Individual observers, led by Smith at Richmond, Va., showed 
reason why carbon should be added in one “Shot” dosage to the 
filter after washing instead of adding carbon continuously to the 
water flowing to the filter. 


The common basic reasoning for such applications is that with 
carbon added continuously to the water flowing to the filters (we 
will say 12 pounds. per million gallons), there is more carbon 
on the filter when it is taken out of service for washing than at 
any other time. Likewise, there is insufficient carbon on the 
filter for the first few hours of service, unless higher dosages 
than actually needed are applied. By estimating the amount of 
carbon actually needed for each run the dosage if added all at 
one time, produces a big saving in carbon. Average dosage of 4 
to 6 pounds, per million gallons of filter area, seems to meet re- 
quirements between filter washings. 


The following typical new type flow scheme for taste and odor 
control is used by Mills of the Southern Pines, N. C., Water 
Department : 


Treatment 
Prechlorination 


- 7 
) —_— 


Pounds per Million Gals. 
4.5 5 


I CE Nicaea ia a a aate aki 6 Acac@l aaa ie 32 
Black-Alum (Activated Alum), average.. 140 -- 175 
Pe. ee err errr 6* 


ee. Cree. URIS i nccdcccccntessan eo 2 _- 2.5 
Pe Be, VGN 6 anciccccsdosescsnecvous 112 _ 128 
This review points out why taste and odor control can be ob- 


tained more economically by means of good coagulation and car- 


*Added to each filter following the wash. 
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bon added to each filter immediately after washing—than high 
dosages of carbon at any one point in the treatment. ; 

Carbon is now regarded as a routine treatment—to improve 
coagulation and remove tastes. 

Carbon in the pretreatment through activated alum and the 
addition of 4 to 6 pounds of carbon per million gallon of filter 
capacity (added all at one time to the filter after washing) is 
now considered the most efficient and economical method. (See 
flow scheme). - 

For serious taste and odor epidemics which are only tem- 
porary, large dosages of carbon are necessary and should be 
applied as a split treatment. 


Ammoniation 


Suggested by Enslow and probably first introduced by Jordan 
at Indianapolis, Indiana, later adapted in many plants including 
Easton, Pa.; Trenton, N. J., and Fort Pierce, Fla., etc., the trend 
in ammonia application during the past year has been in con- 
nection with its use after filtration; it being added after the post- 
chlorine dosage. - 

This seems to be the most economical method of application 
because the dosage of ammonia used is that to combine with 
only the existing free chlorine. 

Users of ammonia continue to favor anhydrous ammonia in 
cylinders because of ease of application and accuracy of control. 
“It is well known that ammonia, unless used in the proper con- 
centration in the pretreatment, will in many instances. increase 
algae growths along the sides of the settling basins. This in- 
crease in algae growth is controlled, however, if high dosages 
of ammonia and chlorine are used. These high dosages are 






uneconomical, and, therefore, prechlorination alone is generally 
adopted as the most economical practice; adding the ammonia 
after filtration. 


Chlorination 


The benefits of such a versatile product as chlorine cannot be 
outlined in more than a general way. Chlorine in the pre- 
treatment is becoming more generally used, because préchlorina- 
tion has several advantages in routine plant operation. All 
plants should have duplicate chlorinators for post-treatment and 
provisions for prechlorination. 

Experiences of the writer have been that high residuals in pre- 
chlorination are not advisable at any time. High prechlorina- 
tion residuals hinder taste and odor control. 

High prechlorination residuals are not necessary to improve 
coagulation or lengthen filter runs. Experiences of Fitzgerald at 
Norfolk, Va., show that the typical “water flea” can be stunned 
with prechlorination, without a residual reaching the filters. Pre- 
chlorination at the rate of 8 pounds per million gallons was just 
as effective as 30 pounds. The chlorination did not “kill,” but 
“stunned” them to such an extent that the alum floc would pre- 
cipitate them and then the filter runs lengthened out. 

Many other experiences with chlorine in the pretreatment con- 
firm the writer’s opinion that it is a most useful tool to improve 
general plant operation, but should not be used in concentrations 
to produce high residuals in applied water. Especially is this 
true when dealing with algae tastes. 

Acknowledgment: This article has been drawn largely from 
a paper read by the author before the Kentucky-Tennessee Sec- 
tion of A.W.W.A., March, 1936. 





Lest They Forget! 


(A Message to Consumers) 


can bring. 


“Pure water is the best of gifts that man to man 


The other day when I asked my little girl what 
water is she said, “It's what comes out when I other waterborne diseases 
open the faucet.” This set me to thinking about 
how much all of us take for granted our water 
supply systems and the excellent service they give. 


There would be no definite 
assurance that I would not be 
exposed to typhoid fever and 


—Lord Neaves. 


which were such a scourge 
only a generation ago. 











We have to be deprived of 
some things to realize what 
they mean to us. I have been 
thinking about our water 
works and what things would 
be like if it were to be per- 


If my house caught on fire 
there would be much less 
chance of saving it and the 
other houses nearby. My fam- 
ily would not be so safe ner 
my sleep so peaceful. 


manently discontinued, if water no longer came 
from the faucet. The pictures aren’t so rosy. 


First, I would have to line up 
a source of water, for I could 
live but a few days without it. 
I would have to drill a well, 
collect rain water,: or carry 
from a stream, pond or spring. 





At the best it would be a lot of expense or a lot 





Because of increased fire dan- 
ger my insurance rates would 
jump, probably more than my 
total water bill. This is one 
advantage of water service 
most of us never think about. 





of effort. 


I would have to arrange to 
dispose of the sewage of my 
household. Again I run into 
expense and unpleasant con- 
ditions which are not nice to 
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would wilt for lack of water. 
It would be harder to wash 
my car, my front walk and 
even my dog. 


-_ wt In dry weather my lawn would 
. eS: turn brown and my garden 
tee | 








be revived. 





The Cover 


trouble to keep clean. 
be the historic tub on the 
kitchen floor would have to 


talk about. wipe 


it 
It would be considerable more : 9,6 


After all, maybe we have let many years of “water 
from a faucet” dull our appreciation of a service 
which is so vital to our civilization and to our 
ability to live together in comfort, health and 
safety. 





The Message 


The above leaflet, prepared for.sending out with the water bill to customers, has proven popular with water works superintend- 
ents and managers. It was the idea of the Ford Meter Box Co., of Wabash, Ind., who printed thousands of free distribution to 
its customers, after which additional orders were filled at the cost of wholesale production. Many favorable comments have been 
eard on its value. The question on the cover is the “attention getting element” which every publicity man recognizes as a first 


essential. 


Don’t let your customers forget the importance of the No. 1 Utility. 


— 
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Almost all surface water supplies are turbid, colored, and con- 


The turbidity is due to finely divided matter 
held in suspension. It.is usually too light to settle unless al- 
lowed long periods of time. Color is caused by dissolved or- 
ganic material resulting from decayed vegetation and bacteria. 
Ordinarily these impurities may readily be removed by the use 
of coagulants. 

Coagulating chemicals used in water purification dissociate 
when added to alkaline water to form a gelatinous, sticky pre- 
cipitate which absorbs color and entangles mud, bacteria and 
suspended matter. By agitation (30 minutes to 1 hour) this 
gelatinous mass may be built up into flocs or clumps which 
are readily removed by settling. The coagulants generally used 
are ferrous sulphate and lime, ferric chloride, ferric sulphate, 
aluminum sulphate, sodium aluminate, and lime. These com- 
pounds are harmless to the consumer because they do not re- 
main in the water. They are precipitated as insoluble com- 
pounds and removed by settling or filtration. 


tain bacteria. 


Ferrous Sulphate and Lime 

A combination of ferrous sulphate and lime is an effective 
coagulant for the clarification of turbid waters. Both materials 
are relatively low in cost. They may be used in various ratios. 
Ferrous sulphate may be used alone for secondary coagulation if 
there is sufficient oxygen in the water to insure complete oxi- 
dation. Where prechlorination is practiced, chlorine may be 
used for this purpose. It oxidizes best at high pH values. 


Ferric Sulphate 

Ferric sulphate as a commercial product for coagulation is 
comparatively new. Its wide pH zone of coagulation makes 
it applicable to various conditions. Iron salts do not form sol- 
uble compounds in the alkaline range, and for that reason very 
low residual metal is found at the high pH values. Except 
in special cases of color removal, coagulation with iron salts 
is best at a pH of 9.0 or above. 


Chlorinated Copperas 

Ferrous sulphate is used as a base material for the prep- 
aration of chlorinated copperas. The ratio is one part of 
chlorine to eight parts of FeSO.7H:O. In practice, usually 
about 10 per cent excess chlorine is used to insure complete 
oxidation. This material, which is essentially a continuation of 
ferric chloride and ferric sulphate, has proved effective. Re- 
sults are best accomplished at pH below 7, due perhaps to com- 
plex ferric organic precipitates that are formed. Lime is used 
to adjust the pH to prevent corrosion, just before or after fil- 
tration. 


Ferric Chloride 

Ferric chloride has a high optimum pH zone of coagulation 
but can be used in low ranges for color removal... It is being 
used in water purification, but its greatest use has been as a 
precipitant and sludge conditioner in sewage treatment. Here 
a saving in ferric chloride on digested sludge is obtained by 
the use of lime, following ferric chloride treatment in amount? 
sufficient to raise the pH to 9.0 or more. 


Aluminum Sulphate 

Aluminum sulphate was perhaps one of the earliest coagu- 
lants used. It can usually be relied upon to give excellent re- 
sults if the proper mix and conditioning are provided.’ The 
zone of best floc formation is at a lower pH than the iron salts. 
If used at its optimum pH of coagulation, low residual metal is 
found. It is very effective for reducing the normal carbonates, 
in many cases more than the theoretical amount. This prop- 
erty makes it especially valuable to some plants. Alum, to 
which about 2 per cent activated carbon has been added, has 
been recently put on the market under the name “Activated 
Alum.” Its application thus far has heen too limited to make 
conclusive remarks. 


Sodium Aluminate 


Sodium aluminate is more expensive than other coagulants. 
Its application for municipal plants has been limited. It is es- 
pecially effective when used with lime and soda ash in the 
treatment of boiler feed waters. It forms a floc rapidly. The 
free alkali present gives it some softening properties. Unlike 
aluminum sulphate, it will not convert normal carbonates in 
bicarbonates. Characteristics of the floc depend greatly upon 
the condition under which it is formed. 





CHEMICALS AND MIXING“ 
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Laboratory Stirring Device 


A laboratory stirring device is one of the most needed pieces 
of equipment in a waterworks laboratory. It is of especial ‘use 
in coagulation, color, removal, water softening reactions, and 
taste elimination studies, and for determining minimum quanti- 
ties of coagulants wequired for treatment. The paddles wsually 
rotate so as to produce a velocity of 1.5 feet per second. 


Lime 

Lime may be used as a coagulant for waters high in magne- 
sium compounds. This is due to the magnesium hydroxide 
precipitated by excess lime. The floc of magnesium hydroxide 
has somewhat the same properties as aluminum and iron hy- 
droxides. In softening plants where 20 to 30 parts of excess 
lime are carried, a saving can be effected by taking advantage 
of this coagulating material produced in the water. 


Other Coagulants 

Laboratory experiments have shown aluminum chloride, 
chromic chloride, and titanium tetrachloride to be good coag- 
ulants, but no better than ferric chloride. They are interest- 
ing but have no practical use at present. 


There is no rule or set of rules for determining the quantity 
of coagulant required, or which one, or combination of them, is 
best suited to obtain maximum benefits. A very muddy wa- 
ter in which the turbidity is due to coarse particles will require 
less coagulant than a less muddy one in which the turbidity is 
due to fine particles. The presence of organic compounds, or too 
much or too little acidity or alkalinity (pH value), sometimes 
prevents coagulation reactions, or causes them to proceed to 
completion very slowly. Color may prove troublesome by com- 
bining with the coagulant to form soluble compounds, making 
the treated water even more highly colored than the raw water. 

The surest way to determine the quantity and type of coagu- 
lant required to obtain best results is by laboratory trial tests. 














Flocculator 


For a dosage in grains per gallon added to one gallon sample, 
weigh 65 grams of chemical into 1000 ml. of distilled water. 
Each ml. of this solution added to one gallon of the water to 
be treated equals a dosage of 1 grain. 


For example, to a series of six 1-gallon samples add, respec- 
tively 1 ml., 2 ml., 3 ml., 4 ml., 5 ml., and 6 ml. of the coagu- 
lant liquid. Stir gently (see laboratory stirring device) for 
thirty minutes, let settle, then filter portion through a paper 
filter.* The minimum dose that produces a bright sparkling 
effluent from the paper filter is the quantity needed. 


*From ‘Water Supply and Treatment,’ a booklet written by 
Chas. P. Hoover, and distributed by the National Lime Associa- 
tion, Washington, D. C. 
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In making comparative tests of different coagulants, a very 
large number usually must be made. Tests should be made 
not only on the samples, as are, but also on the samples with 
acidity or alkalinity (pH value) adjusted to various ranges. 


Mixing, Agitation or Fluctuation 


After the chemical has been added to the water, the two 
should be quickly and thoroughly mixed. Prolonged agita- 
tion is also desirable and often necessary. In the treatment of 
turbid water, the precipitate of the coagulation compound should 
be kept in suspension until it has had sufficient time to collect 
into clusters a maximum number of the fine particles, which 
give the water its turbidity. Gentle velocities of from 0.6 of a 
foot to 1.5 feet per second are adequate. If the water and chem- 
icals are given a quick mix ahead of prolonged gentle agitation, 
the time is usually only momentary and the process extremely 
violent. The time of gentle agitation varies depending upon the 
temperature and the nature of the water treated. From 30 
minutes to one hour is the usual practice. 

The types of mixing devices used in water purification plants 
are baffled tanks, with various combinations; tanks provided 
with rotating paddles or propellers; diffused air supplied from 
a compressor; and the “flocculator,” which is perhaps the lat- 
est development. 

The flocculator consists of a horizontal shaft, the length of 
which is at right angles to the flow of water. Paddles at- 
tached to this shaft rotate so that an outward travel is given 
to the upper stratum of water being mixed, and an inward mo- 
tion to the lower stratum. This inward motion causes the set- 
tled floc to be gently swept back along the bottom of the basin, 
lifted by the upward motion of the paddles and mixed with the 
incoming treated water. The introduction of already precipi- 
tated floc seems to facilitate coagulation. 
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Baffled Mixing Tank, Mechanical Agitator 


Views of Mechanical Agitators. Appearance of floc when water 
admitted in bottom side of tank and taken off at upper side of 
tank. 



































Views of four types of agitating devices are here shown. 
Properly designed baffled tanks are satisfactory, but mechanical 
tanks are less expensive to build. They remove the necessity 
of lifting the water the extra two or three feet necessary to pass 
it through baffled mixing tanks. Although agitators require 
power to keep them running, the cost of operation, if proper 
drive is provided, should be less than the cost of the additional 
lift of the water. They also provide greater accessibility and 
flexibility. 

The paddle area should be at least 25 per cent of the area of 
the central vertical section of the tank, or 25 per cent of the 
area of diameter of tank times its height. In the case of large 
tanks when water is admitted through an inlet at the side or 
bottom of the tank and discharged at an outlet at the side and 
top, as is usually done, two distinct zones will develop, an inner 
and an outer one. The velocity is too low in the inner zone 
and scarcely any floc can be seen, whereas in the outer zone 
very satisfactory floc formation is obtained. More uniform 
velocities are obtained and short circuiting is minimized if the 
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Terra Co 2. Ovtlet TStoogulaling Basin. 
Mixing Tanks Dual Flow Compartment Type 


Arrows show path of water through mixer. The upflow is in- 
duced by the jet action of orifices in the ells, and the downward 
flow by gravitation. The general dimensions used are: chamber 
area in proportions of 18 sq. ft. per million gallons per day, 
depth equal to a coagulating basin, preferably between 9 and 15 
feet. Connecting ells in proportions of one sq. ft. per million 
gallons per day. Ell discharge ends should not be in excess of 
8 ft. below water level. Nipples may be added to bring about 
these conditions. This scheme is adaptable to square, rectangu- 
lar or circular basins. 





water is discharged through a take-off pipe from the center 
rather than the side of the tank. 





[*Absorbent cotton is just as good, filters much faster, detects 
effective coagulation more decidedly.—E4d.] 


Copper and Health 


The effect of copper on health is a subject of such importance 
to all users of copper and brass and copper sulphate for algae 
control, that the conclusions in an article read before The New 
England Water Works Association* are given below: 

1. The copper content of domestic drinking water after pass- 
ing through copper or brass pipe or tubing, even if a slight 
amount of copper is taken into solution, is not harmful to health. 
It may indeed be beneficial. 

2. All water supplies intended for domestic use after passing 
through a proper installation of copper or brass pipe or tubing 
will contain but a small percentage of the permissible copper con- 
tent, if any at all. 

3. The permissible copper content of domestic water based on 
a consumption of one gallon of water a day should apparently 
not be greater than 20 p.p.m. 

4. It is unlikely that health will be injured by copper be- 
cause, where the copper content is above 5 p.p.m., the taste of 
the water will generally be so disagreeable that it will be vir- 
tually impossible to drink it. 

5. No anxiety need be felt about a proper installation of cop- 
per or brass pipe or tubing, because it has been shown that with 
acid water having a pH value of about 6.5, the copper content is 
generally only about 0.5 p.p.m., even after standing in the pipe 
lines for an appreciable length of time. 

6. The treatment of reservoirs with copper sulphate to rid 
them of undesirable microscopic growths has no injurious effect 
on health. 


~ *Journal N. E. W. W. A., 





44: 4, December, 1930. 





Dry Ice as Well Cleaner 

Dropping 200 pounds of dry ice down a well casing and there- 
after closing the well tight, a well driller has found effective in 
opening of well screens. As the dry ice “melts,” the liberated 
carbon dioxide gas builds up a pressure which forces the water 
in reverse of usual flow out through the well screens and sur- 
rounding sands or gravel. The pressure is watched on a gage 
on the well and the relief valve is opened to avoid pressures 
above 150 lbs —Monsanto “Chemical Topics.” 





5 

















150 





THEE DORR COMPANY <. 


CHICAGO 
TorONTO.).|6€6)~|Cls ENGINEERS «¢ 247 Park Ave., New York «¢ (os tii: 














Dorrco Flash Mixers Dorr Clarifiers Dorrco Flocculators Dorrco Pumps 


A COMPLETE WATER 
PRE-TREATMENT SERVICE 


The Dorr Company’s function in modern waterworks practice is the pre- 
treatment of the turbid or hard raw water prior to final treatment. Three 
Dorr steps—mixing, flocculation and sedimentation—taken in sequence pay 
for themselves through reduced chemical consumption. The resulting 
treated water settles and filters more rapidly and yields a final filtered 
water of definitely improved qualities. 





MIXING... 


First comes mixing, in a Dorrco Flash Mixer. Coagulating 
or softening chemicals are introduced directly below the throat 
of a high speed impeller that rapidly and completely diffuses 
the chemicals throughout the incoming raw water. 





FLOCCULATION... 


Next comes floc formation in a Dorrco Flocculator. Chem- 
icaliy-dosed water is given a series of gentle “barrel rolls,” 
causing flocs to sweep through the water, impinge on and en- 
trap light suspended particles and finally grow to large dense 
structures of improved settling and filtering qualities. 


Chemical savings range between 20 and 30 per cent, generally 
repaying the installed cost in one to three years. 





SEDIMENTATION... 


Finally, comes sedimentation in a Dorr 
Clarifier. Flocs settle continuously and are 
removed mechanically at maximum solid con- 
tent. Clarified water overflows continuously 
across a peripheral weir and is ideally condi- 
tioned for filtration. 


Write for our new bulletins “Floccula- 
tion & Mixing’ and “Modern Municipal 
Sanitation.” 





Dorr Clarifier 
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INDUSTRIAL CHEMICAL SALES CoO., INC. 


230 Park Avenue 
New York, N. Y. 


418 Schofield Bldg. 
Cleveland, Ohio 


205 W. Wacker Drive 
Chicago, Illinois 


PRODUCTS—" Aqua Nuchar,” Activated Carbon. 





The control of all tastes and odors 
is now accomplished economically 
with AQUA NUCHAR powdered ac- 
tivated carbon. The first successful 
application of activated carbon in 
powdered form was made by Mr. Geo. 
R. Spalding of the Hackensack Water 
Company at New Milford, N. J., in 
1928. Since that time the acceptance 
by water plant operators of this 
method of combating tastes and odors 
has been so general that at present 
over 800 water plants are using 
AQUA NUCHAR. 

Prior to that time, the accepted 
material for tastes and odors was 
GRANULAR activated carbon. How- 
ever, the cost of this type of carbon 
together with the necessity of in- 
stalling additional costly equipment, 
made the general use of GRANULAR 
activated carbon prohibitive. There- 
fore, the application of powdered 
activated carbon to water treatment 
for taste and odor control may well 
be classed as one of the greatest ad- 
vancements in present-day water 
works practice. 

AQUA NUCHAR is a fine black 
powder having tremendous internal 
and external surface. It has been esti- 
mated that one cubic inch offers a 
total external and internal surface of 
20,000 square yards to serve in ad- 
sorption. When activated carbon is 
placed in water containing impuri- 
ties, these impurities are attracted to 
the surface of the carbon, much the 
same as a magnet attracts iron filings. 
All of these impurities are retained in 
the carbon, and subsequently are re- 
moved when the carbon is removed 
by settling or on the filter sand. The 
action of activated carbon is there- 
fore a physical rather than a chemi- 
cal one, and an overdose can have no 
ill effects, such as are encountered 
with the usual water works chemicals. 

Due to its physical characteristics 
it is possible to feed AQUA 
NUCHAR by dry feed or solution 
feed methods or mixed with chemi- 
cals. The ideal method of application 
is by means of a dry feed machine 
with a water ejector. Solution feed is 
used in some plants regularly, but the 
usual practice is to employ this 
method only temporarily in case of 
emergency. Since activated carbon is 
insoluble in water, it tends to settle 
out, and it is therefore necessary to 
equip the mixing vessel with an agi- 





tator. AQUA NUCHAR has been 
applied very successfully mixed with 
chemicals, such as alum, ammonium 
sulfate, or lime. 

NUCHAR is applied at various 
points prior to filtration depending 
upon actual operating conditions and 
particular conditions of the water. 
The point most commonly used is 
prior to sedimentation; the carbon 
being fed in water suspension to the 
raw water or to the mixing chamber. 
The application of NUCHAR prior 
to sedimentation has advantages 
other than control of tastes and 
odors. It acts as a nucleus for floc 
formation, and quite often gives a 
better and larger floc even with re- 
duced amounts of alum. Many oper- 
ators report that the black appear- 
ance which NUCHAR gives to water 
aids them in examining their floc and 
results in closer control. When the 
NUCHAR passes into the sedimenta- 
tion basin a large percentage of it 
settles with the sludge. The presence 
of NUCHAR in this sludge retards 
the putrefying action, and prevents 
fouling of the incoming fresh water. 
Furthermore, the reduced odor of 
NUCHAR treated sludge makes it 
almost a pleasure to clear sedimenta- 
tion basins. 

The other point of application 
most commonly used is to the settled’ 
water in the filter influent line. Plants 
having very severe taste and odor 
troubles, or those having only occa- 
sional difficulties seem to prefer this 
point. The adventages are that the 
NUCHAR is working on a purer 
quality of water, and quite often less 
material is required to accomplish the 
same results. Furthermore, when an 
occasional difficulty is encountered, 
applying NUCHAR at the filters 
saves several hours of complaints. 
Too much activated carbon fed at 
this point may decrease the runs on 
the filters. If it is necessary to feed 
30 lbs. per M. G. or more it is advis- 
able to split the treatment or go back 
to a point in the sedimentation basin. 


The foregoing refers to plants 
equipped with filters. It is also prac- 
tical to apply activated carbon in 
powdered form where filtration is not 
practical The NUCHAR is first 
stirred up thoroughly in water, and 
then fed, preferably by means of a 
spray, to the surface of the water. In 
the case of large reservoirs the 
NUCHAR suspension has been fed 
from a boat equipped with an out- 
board motor. The suspension was 
allowed to run in just in front of the 
propeller, and in this way was scat- 
tered fairly uniformly. It is suggested 
that the NUCHAR be fed in propor- 
tions of 5 lbs. per M. G. for the entire 
amount of water in the reservoir. If 
the tastes and odors are not suffi- 
ciently reduced, repeat the treatment 
with the same dose a week or two 
later. After the NUCHAR has been 
applied it is necessary to keep the 
reservoir out of service until the 
fine particles have had an opportunity 
to settle. It is advisable to allow two 
days for settling, although a satisfac- 
tory water can usually be delivered 
in a much shorter time. We have been 
advised of one distributing reservoir 
being treated one evening with a pro- 
portion of 30 lbs. per M. G., and 
never taken out of service. Although 
the tap water was examined closely, 
no signs of carbon were noticeable. 
Due to the fact that there was prac- 
tically no draw on this reservoir dur- 
ing the night, the actual settling time 
was only about ten hours. 

AQUA NUCHAR has successfully 
controlled tastes and odors which 
have been characterized as: 


Earthy Fishy 
Woody Marshy 
Vegetable Swampy 
Bitter Muddy 
Aromatic Chlorine 


which may originate from decaying 
vegetation; Algae, such as synura, 
synedra, asterionella, cyclotello, etc. 
Industrial Trade Wastes, such as 
phenols, solvent naphtha, volatile 
oils. Decomposing Sludge. 

Realizing that taste and odor 
troubles come suddenly in water 
plants, we have spotted stocks of 
AQUA NUCHAR at strategic points 
throughout the country in storage 
warehouses. You can feel assured that 
your order will receive immediate 
attention and you will be very agree- 
ably surprised at the prompt service 
we can give you. 
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THE PERMUTIT COMPANY 


World’s Largest Exclusive Makers of Water Conditioning Equipment 
All Types— All Sizes—For All Purposes 


Telephone 
BRyant 9-9050 


330 West 42nd St., New York, N. Y. “p 


Cable Address 


ermutit New York” 


SALES OFFICES 


Di BEMicsccecceeeeseeresetsrecocrtevecrseve 1109 Statler Bldg. 
DE, De Baevtrcceceesee rece cesvecvsserectéceves 132 Park St. 
RS ME ee ek aawens see side & 6 is be e.e ae ae ae 
GHEATEANOGGA, TEN Mecccccccccccccccvccsccsese 411 Provident Bldg. 
i ns 6 ds 66 tas RES EROO EHO RES 0.0.00 6 OEM 210 S. Clark St. 
CUVEE AN, GRID. oc ccc cctccccecccesesecceses 1836 Euclid Avenue 
DTMOTT, MICH... cc ccc cc ccc cence ccceccescces 502 Free Press Bldg. 


FORT WORTH, TEXAS.............22.0+0+0+0++++347 Majestic Bldg 
Ce. ch ov wie nedadae bebe Acaneee 3871 Broadway 
I i ine ce eee ae 215 Pershing Rd 
EGG AMGMEME, CALD......ccccccccccees 909 Wright & Callender Bldg. 
MINNEAPOLIS, MINN...........ccsccccccvcsccccsc SOF Resem Bile 
I MS CN, 3 sour ond iste miseeeakinne ne bhai 34 So. 17th St. 
DP, Uivccenteneevcoceees 615 Dollar Savings & Trust Bldg. 
a de os wid oben odo e nen w aldactone 4064 Olive St. 


PERMUTIT COMPANY OF CANADA, LTD. 


Agents 


CALGARY, ALBERTA 

Stanley Brock, Ltd., 523 8th Ave., West 
TORONTO, ONTARIO 

C. Kirkland McLeod, Ltd., 73 Adelaide St., West 


MONTREAL, QUEBEC 

C. Kirkland McLeod, Ltd., 1440 St. Catherine St., West 
WINNIPEG, MANITOBA 

Stanley Brock, Ltd., 145 Market St., East 





Products 

A complete line of Water Conditioning Equipment, including: 

Manually operated and fully automatic downflow and up- 
flow zeolite water softeners; porous and non-porous zeolites; 
hot process and cold process intermittent and continuous lime- 
soda water softeners; internal boiler feedwater treatment; 
pressure and gravity filters; taste, color and odor removing 
equipment; activated carbon filters; coagulant and corrective 
chemical feeds; iron and manganese removal equipment; con- 
tinuous blowoff equipment; anti-corrosion equipment; carbon- 
dioxide recorders, etc. 


Zeolite Water Softeners 

Zeolite water softeners are coming into wide-spread 
use for softening municipal water supplies, for which 
purpose they offer a number of distinct advantages. 
Prominent among these are their simplicity; flexibility, 
ease of operation ; positiveness of results ; ability to oper- 
ate on either a gravity or pressure system; low installa- 
tion and operating costs; no sludge disposal problems. 

As a zeolite water softening plant may consist of one 
or more units, a plant, when installed, need not be larger 
than is needed for present requirements. Additional 
units may later be added as needed. 

Municipal zeolite water softening plants may be oper- 
ated so as to secure effluents of any desired degree of 
hardness. They may also be employed with iron or 
mangenese bearing well waters. They remove iron 
or manganese the same way as they remove hard- 
ness, and at the same time. 


Automatic Zeolite Water Softeners 
3y a system of electrical controls, completely auto- 








Municipal Automatic Zeolite Water Softening Plant at Elmore, Ohio 


matic operation of a zeolite water softening plant is 
secured. These controls may be applied to either a 
gravity or pressure type of plant and may also be applied 
to existing installations. 

The automatic zeolite water softeners have proven 





especially popular in municipal water softening plants 
and the great majority of the newer municipal plants 
are of the completely automatic type. Write for 
details. 


Zeolites 

All types of zeolites, including ZEO-DUR, the stand- 
ard greensand base zeolite; SUPER-ZEO-DUR, the 
high capacity greensand base zeolite; DECALSO, the 
high capacity manufactured zeolite ; and MANGANESE 
PERMUTIT for iron and manganese removal. 


Water Filters 

Built in a wide range of sizes 
and types to cover all require- 
ments. Steel shell, pressure fil- 
ters of the vertical obtainable in 
all sizes up to 10 feet in diam- 
eter. Steel shell, pressure filters 
of the horizontal type are ob- 
tainable in a diameter of 8 feet 
and up to 25 feet in length. 
Gravity type filters of wood or 
concrete construction built to 
suit requirements. 





Municipal Manganese Zeolite 
Iron Removal Filters at East 
Lansing, Michigan 


Chemical Feeds 

All types of chemical feeds, 
constant or proportionating, 
for feeding sulphate of alu- 
mina or other coagulants; 
soda ash; lime; silicate of 
soda, etc. These include the 
following types: gravity; onwel Val of Rae 
pressure solution ; dry; and feeding two chemicals—adjusted 
electro-chemical. : ae ae * 

ger tip. 

The electro-chemical feed, 
illustrated above, is particularly applicable where accuracy 
of feeding is essential in addition to which it is of a 
simple and rugged construction. 


Partial List of Permutit Bulletins 

1. Water Softening by Zeolites as Used in Municipalities. 
Experiences in Zeolite Softening. 
An Automatic Softening Plant for Utica’s Water Supply. 
Pressure Zeolite Water Softening at Elmore, Ohio. 
Zeolite Water Softening Plant Built with FERA Funds. 
Zeolites: Mining, Processing, Manufacture and Uses. 
. Water Filters and Filtration Equipment. 

The above list represents but a few of our bulletins on 
special subjects, any of which may be obtained free on re- 
quest. Kindly order by name. 





NOR WV 
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CONTROL OF ALGAE* 


By FRANK E. HALE, Ph.D. 
Dept. of Water Supply, New York City 


Knowledge of microscopic organisms and their control is one 
of the more important aspects of water supply practices. Chief 
amongst agents utilized in algae control is copper sulphate, its 
application to reservoirs being known as “coppering.” 

The simplest manner of application is to drag burlap bags, 
containing about 50 pounds each, through the water by means 
of rowboats, taking a zigzag course so as to triangulate the 
surface of the water. Wind, waves, diffusion and gravity admix 
the streaks of treated water with the remainder. Crude as this 
method is, it has been found very effective. But it is essential 
that the chemical be well distributed. 

[Recently there has been effectively used by the Los Angeles 
Water Department a mechanical broadcasting device on the rear 
of a launch. It distributes pulverized copper-sulphate over the 
water surface in a manner equivalent to that used in broadcast- 
ing tine grass seed. This method reaches shallow  shore-line 
areas most effectively. See Jour. Review, Feby., 1936.] 

The reservoir should be partitioned into arms by land sights 
and the capacity, in million gallons for tctal depth, calculated 
for each area so that dosage may be correctly apportioned. In 
the case of organisms predominating in the upper water, dosage 
may be calculated on the upper 20-30 feet only. About 3,000 
pounds a day may be distributed by a single launch in favorable 
weather. 

Calculation of the volume cf a body of water is not difficult. 
Two formulas should be kept in mind: 

One cubic foot contains 714 gallons. 

One gallon of water weighs 814 pounds. 
Estimate the area in square feet. Estimate the average depth in 
feet by soundings. Multiply the two for cubic feet. Multiply 
cubic feet by 7% to find gallons and express in million gallons. 
In the table of treatment which follows one cclumn reads directly 
in pounds of copper sulphate per million gallons of water to 
apply for each genus of organisms. 

To calculate amount of copper sulphate needed from “Parts 
per million” column multiply million gallons by 8% to obtain 
million pounds of water. Multiply this figure by the amount 
shown in the column headed “Parts per million.” 

Two fermulas are helpful to bear in mind: 

1 pound per million gallons = 0.12 part per million. 
1.0 part per million = 8% pounds per million gallons. 

Copper sulphate may be fed to an aqueduct by continuous dry- 
feed to destroy organisms feeding from one reservoir to another. 
The effective dosage is identical with that employed in open 
reservoirs by the launch method. 

Another frequently employed method of continuous feed of 
copper sulphate is by solution feed. On a small scale a wooden 
bucket may be suspended in the flowing water so arranged that 
its depth of submersion may be varied. A small hole in the 
bottom of the bucket admits the water. The bucket is filled with 
copper sulphate and a definite amount added once or twice a day 
and the depth of submersion regulated so as to dissolve the 
determined quantity each day. 

Three to four hundred pounds per day may be fed by the 
barrel arrangement shown. By this equipment the chemical is 
applied as a saturated solution and the application is very uniform. 
The barrel is kept constantly full of water from a supply con- 
trolled by a float valve with glass ball. From the bottom of 
the barrel, through rubber, glass and copper tubing, the solu- 
tion is discharged to the water at the most turbulent point. The 
flow is regulated by a pinch-cock. The barrel sets on a scale 
so that the weight of chemical delivered may be checked. The 
water consumed varies with temperature and other ccnditions 
trom about 144 to 2% gallons per pound of chemical dissolved. 

Copper sulphate is very soluble in water. The following table 
may be useful in feed regulations at various water temperatures : 


SOLUBILITY OF COPPER SULPHATE 
Pounds of Copper Sulphate Crystals 
(CuS0O,.5H:20) 


Temperature: ’ 
a. F Per 100 Ibs. solution. Per 100 gallons water 
5 126.0 


0 32 19.5 6 
10 50 e 23.1 226.8 
20 68 26.9 269.4 
25 77 28.9 296.1 
30 86 31.3 326.1 
40) 104 35.2 371.1 
50 122 39.1 433.7 
60 140 44.5 521.3 
80 176 55.5 717.2 


Spraying with strong copper sulphate solution is advantageous 
in some instances, ¢.g., in shallow bays and on floating masses 
of certain organisms. For this purpose a spray pump or equip- 
ment such as is used with insecticides for trees is available. [An 
alternate procedure is that used by Los Angeles to mechanically 
broadcast the pulverized sulphate previously mentioned.—Ed. } 

Walls of basins have been sprayed for growths such as 
Spirogyra, using a 5 per cent solution. 

Experience differs with waters of different composition, with 
temperature, and with amount of organisms present as to the 
right dosage to apply for each organism. About twice as much 
chemical is required in winter as in summer. It is a waste of 
chemical to apply an insufficient amount. If a smaller dosage 
fails, the entire larger dosage must be applied at one time. The 
water usually clears within three to four days when the correct 
quantity has been applied. [See Dosage Tables.] Weeds in general 
are not killed by copper sulphate. Sometimes fish are killed, but 
rarely in quantity. The following table indicates the suscepti- 
bility of fish to the chemical: 

LIMITING SAFE DOSAGE OF COPPER SULPHATE FOR FISH 


Pounds 
per million gallons 


Fish Parts per million 
I os atace tite reese een oe eine ean 0.14 1.2 
RMD. | Src arava on/p nce teow ee ee 0.33 2.8 
NE So bcs snes Reese 0.33 2.8 
IN carci Sided 4,5 wate arteln lel guavas wave 0.40 3.5 
NEE inc 2/5". 6 wu a pre tath decane mir nlaee 0.40 3.5 
SRE ND. o5cie aio wel g'eiesboaianla’ee we aarmraie 0.50 4.2 
EE a inig oka etn eeadeee sehen 0.67 5.5 
On en rete ee 1.35 11.1 
SEE FE 5.5 v50es  Kesnaneueeeen 2.00 16.6 


Chlorine Treatment 


Chlorination is the most valuable adjunct to copper sulphate 
in control of microscopic organisms. In the first place it helps 
destroy the odors set free by the copper sulphate treatment. In 
the second place it destroys may genera, in several instances 
the very ones least affected by copper sulphate. 

The use of chlorine in increased dosage has slowly been 
extended not only to destroy organisms but also the distasteful 
oils. Experience to date indicates that with soft waters the 
following effects have been noted: 

EFFECTIVE CHLORINE DOSAGES 








Chlorine ppm. Effect 

Organisms » Ors. Taste 

Units per ce. Dose Residual destroyed destroyed 
Synura 1—25 ......... 0.3 .05—-.10 Yes Yes 
Synura 50—100 ...... 0.5-0.7 -20 Yes, Yes 
Cee: BOO nies seces 0.7-0.9 .30 Yes Yes 
Uroglena 2,000 ........ 0.5 .10 Yes Yes 
Uroglena 6,000 ...... 0.5 .10 Yes No 
Dinobryon 500 ........ 0.5 .10 Yes Yes 
Asterionella 1,350 .... 0.7 .20 Yes (50%) No 
Aphanizomenon 1,500. 0.7-0.8 .20-.25 Yes (50%) No 


Prechlorination with high dosage, 1 ppm. and higher, is em- 
ployed now quite extensively in conjunction with filtration to 
destroy or prevent growth of microscopic organisms in sedimen- 
tation and reaction basins and lessen their interference with 
filtration. Longer filter runs are obtained in addition to lightening 
the bacterial load upon the filters. 

Miscellaneous Data. Cyclotella has been destroyed by dosage 
of 1 ppm. Crenothrix is another troublesome organism which is 
readily ccntrolled by chlorine or chloramine in dosage of 0.5 
ppm. Chlorine in dosage of 0.33 ppm. has readily controlled or 
prevented formation of jelly masses or fungus slime in well 
supplies and in mains and prevented clogging of condensers. 

Crustacea, such as Cyclops and Daphnia, have been controlled 
on occasions. Daphnia, red variety, has been controlled with 1 
ppm. chlorine and Cyclops with 3 ppm. chlorine. 

The following table contains data brought up to date on 
dosages of copper sulphate and dosages of chlorine required for 
microscopic organisms, including also odors and tastes produced. 
It is based on published data and personal experience. 


*This material has been taken from the very useful booklet— 
“The Use of Copper Sulphate in Control of Microscopic Organ- 
isms’”—(1935 revision) published for free distribution by Nichols 
Copper Co., New York City. 
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CHEMICALS REQUIRED FOR CONTROL OF DIFFERENT 


GENERA 


——Copper Sulphate'—— 
Parts per Pounds per 


Organisms—Odor: million mil. gals. 
Diatomaceae: 
pS Ee 0.12*-0.20* 1.0-1.7 
Aromatic, geranium, fishy 
CTE. Srecccanieves 
Faintly aromatic 
DY eee 6.4.60 86 0s'e0 60 
Faintly aromatic 
Ey hes 0%. 9 'é ee wee 0.25 3.2 
ae 0.20* 1.7 
EEC reer 
Aromatic 
NS PP CCT Eee 0.07 0.6 
Le nk Ss o'g ote ey 0.50 4.2 
EE hl ued we orn o's Oreue es 0.36*-0.50* 3.0-4.2 
Earthy 
Stephanodiscus........... 0.33 2.8 
. a re 0.12*-0.50* 1.0-4.2 
Aromatic, geranium, fishy 
Chlorophyceae: 
a 0.50 4.2 
CE. ae vt dh etnean te 0.17 1.4 
Ceptasteamt oc ccccsceses 0.05-0.33 0.4-2.8 
eee 0.25 2.1 
ET On ne 2.00 16.6 
Dictyospheriumf{ ........ 
Grassy, nasturtium, fishy 
Draparnaldia .....ccecccs 0.33 2.8 
0 eer 10.00 83.0 
Faintly fishy 
HEREOMIODMOTR 2. cc cccecics 0.50 4.2 
CEES noo e810 dbee eens 
Offensive 
Hydrodictyon? .......... 0.10 0.08 
Very offensive 
I Siccccctenoees 0.40 3.3 
REIS I Pear 2.00 16.6 
PITT OT eee 10.00 83.0 
Faintly fishy 
PT er eee 
SD ccvecedeedhe bs 1.00 8.3 
Scenedesmus .....-..ee0. 1.00* 8.3 
Pe sven rbongun ees 0.12 1.0 
EP . 600s scocesup 1.50 12.5 
TOCKOEPE cc ccc ccccces 
De cc d.csbenvaiachees 0 .20* 1.7 
CE gn ct. wos a paebauted 0.25 Zeol 
Fishy 
ES ncn peacedhae ewe 6.50 4.2 
Cyanophyceae: 
NS ne Ak kaha de aoe 0.12* 1.0 
Moldy, grassy, vile 
Aphanizomenont 0.12-0.50* 1.0-4.2 
Moldy, grassy, vile 
COREMTOCTVEUIS ccccccccscss 0.12*-0.25* 1.0-2.1 
Sweet grassy, vile 
Ceelospheriumi .......... 0.20*-0.33 1.7-2.8 
Sweet grassy 
Cylindrospermum ....... 0.12 1.0 
Grassy 
NS ee 0.20 a 
0 ee 0.20-0.50* 1.7-4.2 
EEE aia ab oa we ieca aaee 
Moldy, grassy 
Protozoa: 
NE, Kien cedkedakeses 
Irish moss, salt marsh, 
fishy 
ee 0.33 2.8 
Fishy, vile, (rusty 
brown color) 
Chlamydomonas ......... 0.50-1.0 4.2-8.3 
SN, owéiccnescous 0.50 4.2 
Candied violets 
ER 0.18* 1.5 
Aromatic, violets, fishy 
Endameeba histolytica 
oo. 3 ie Auta 
Euglena ee ee ee as 0.50 4.2 
CREED. occ siiccacces 0.50* 4.2 
‘ishy 
IE Se Sa awclne cvie's 0.50 4.2 
Aromatic, violets, fishy 
PUN. c'acvecdaeendoe 0.50*-2.00 4.2-16.6 
Fishy, like clam-shells 
_ ee eee 0.12*-0.25 1.0-2.1 
Cucumber, muskmelon, 
fishy, bitter taste 
SEN, 00+ Kewis aeons 0.05*-0,20* 0.4-1.6 


Fishy, oily, cod-liver 


oil taste 


Crustacea: 
Cyclops7t§ 
Daphnia7tf§ 


2.00 16.6 





Chlorine 
ppm. 


0.5*-1.0* 


1.0 


bo 
i—) 


0.5*-1.0 


0.5*-1.0 


0.3*-1.0 


0.3*-1.0 


25.0-100.0 


0.3*-1.0 


1.0 -3.0 
1.0 -3.0 


Schizomycetes: 
3eggiatoay 


Very offensive decayed 


Cladothrix 


Crenothrixtf 


Very offensive decayed, 
medicinal with chlorine 


Leptothrix? 


ol 


41. 
1 
2 


aon 
' 

a 
] 


Sphaerotilis, natanst .... 0.40 3.3 
Very offensive decayed 
BOWOOMTMOMT 2. ccccccces 
TNE cin dp ened nae oe 
Fungus: 
RL Sina lose inn aig a6 W ae 
SIR, > 5.68 crew are altionds 0.40 3.3 
ON , EES 0.18 1.5 
Miscellaneous: 
Pr re ee 0.10 —0.50 0.8-4.2 
Nitella flexilist .......... 0.10 -0.18* 0.8-1.5 
Objectionable 
Potamogetont ..........- 0.30 -0.80 2.5-6.7 
7 Oe eee ee 
Blood worm, chironomus7 
Blood worm, gnats ..... 
The organisms where odors are expressed have 


cient quantity at one time or another to cause the 


odor. 


I1The quality of water (hard or soft) 


decided 


influence on 
the water, and the colder, 


the requisite 


copper 


0.5* 


> 


.25* 


).5*-1.9 


0.6* 


1.0* 
15.0-50.0 
3.0 
been in suffi- 
characteristic 


and temperature has a 
dosage. 
the higher the dosage required. To 


The harder 


under-treat is a waste of chemical and further—the whole dosage 
must be applied at one operation. 
*Dosage successful in New York City’s supplies. 
+These organisms have caused trouble other than odor. 


tThese 


organisms 


have been 


affected 


by chlorine 


producing 


characteristic odor and in many cases controlled by dosage rang- 
ing from 0.3 to 3 ppm., depending largely on amount of organ- 


isms. 


§Controlled 


by excess’ caustic lime, 


diatoms (48 hrs.). 














ppm., in 





the case of 


Copper Dusting Equipment in Boat Stern—Used on Los Angeles 
reserves for broadcasting pulverized copper sulphate and 


around harrd-to-reach 


shores 
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A METHOD OF APPLYING COPPER SULPHATE 


By PAUL SMITH* 
Baltimore, Md. 


In the summer of 1930 it was decided to treat Back River, 
which is a tributary of Chesapeake Bay, with copper sulphate for 
the purpose of checking algae growths. 

A few preliminary tests were made to determine the most ad- 
vantageous method of applying this chemical. We found the 
bag-digging method unsatisfactory and developed the following 
device and scheme. 

A, wooden box was built for holding the copper sulphate. This 
box, as the sketch shows, is about 4 ft. long, and has a triangu- 
lar cross-section with a small hopper at the top to facilitate the 
dumping of chemicals into the box. Near the bottom of the box 
are two openings, covered with two layers of twenty-four mesh 
monel metal screen, staggered to make finer openings. The side 
adjacent to the boat has no openings, and was fastened to the 
boat with clamps. The larger opening faced forward and the 
smaller opening the rear. In comparison with the use of bags, 
the box offered very little resistance in the water, so that the 
boat could be run at a constant speed. 


The capacity of the box including the hopper was 100 lb. The 
first time the box was used it vibrated, and had a tendency to 
work loose, but by securing the bottom to the bow of the boat 
with a rope, as illustrated, this difficulty was overcome. 

It was found that 50 Ibs. of large crystals could be dissolved 
in 10 minutes, but with small crystals the time was reduced to 
61%4 minutes. In order to dissolve all the sulphate and at the 
same time cover the desired area, the rate at which the sulphate 
dissolved was controlled by altering the exposed screen area with 
adjustable wooden covers, placed over the screens. As the boat 
proceeded, a swirling motion oi the water entering through the 
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Sketch of Copper Sulphate Solution Box (Slide Gate to Control 
Rate of Solution Not Shown. See Photograph of the Box) 


Screened opening was set up in the lower part of the box, but 
the upper part remained dry. An accumulation of lint from the 
ags, which contained the sulphate, and dirt from the river 
water partially blocked the screens, and the adjustable covers 
had to be removed at intervals. To overcome this disadvantage 
a wooden sliding device (gate) was provided to cover the front 
screen. 





*Assistant Chemist, Bureau Sewers. 


In practice, 50 lbs. of sulphate were placed into the box, and 
a mark made on the box at the top of the crystals. Another 50- 
lb. portion was then immediately added, and the time for the 
above mentioned mark to be seen was observed. In this manner 
the sulphate was added, 50 Ibs. at a time. The slide at the bot- 
tom of the box was adjusted, depending upon the time necessary 
for the boat to cover the area to be dosed. If the interval neces- 
sary to dissolve 50 lbs. increased, the area of the screen at the 
bottom of the box was enlarged by raising the adjustable slide. 
As the screens became clogged, this slide was raised, so that the 





Side View of the Solution Box (Solution Control Gate in Wide 
Open Position) 


time for the 50 Ibs. to dissolve was kept fairly constant. If the 
screens became quite clogged they were brushed just before the 
next trip, the dry accumulation being readily removed in this 
manner. On one occasion a blow torch was used to burn off 
the accumulation of material on the wires. 


By use of this box 1,250 lbs. of copper sulphate were dis- 
tributed evenly over an area of 1.2 sq. mi. in less than four 
hours and with less than half the labor required when, pre- 
viously, burlap sacks had been used. 








Solution Box in Place on Boat 
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Properties of Chlorine 


Chlorine is never found free in nature. Gaseous chlorine is 
manufactured by the electrolysis of a sodium chloride solution. 
It is then purified and liquefied by a process of compression 
and refrigeration. As an article of commerce, chlorine is an 
amber-colored liquid approximately one and one-half times as 
heavy as water. It is marketed in steel containers which are 
under pressure. In Fig. 1 is shown the relation between tem- 
perature and vapor pressure. 

When the pressure is released, liquid chlorine volatilizes into 
a greenish-yellow gas which is approximately two and one-half 
times as heavy as air. Chlorine is non-inflammable, non-explo- 
sive, and a non-conductor of electricity. Generally speaking, 
in the absence of moisture it is not corrosive to common metals. 
In the presence of moisture gaseous chlorine reacts avidly with 
a majority of known substances. 

Following is listed the more important chemical and physical 
properties of chlorine at standard conditions (32° F. and 1 atm. 
pressure) unless otherwise noted: 


Atomic Molecular 

Chemical Symbol for Chlorine.... Cl Cle 
Chemical Weight Relationship... 35.40% 70.yi4 

Gaseous Chlorine Liquid Chlorine 
Specific Gravity ........ 2.49* (air —1) 1.477 (water = 1) 
Weight per Cubic Foot... 0.201 Ib. 91.70 Ib. 
Volume per Pound ...... 4.98 cu. ft. 0.011 cu. ft. 
BG DEORE sosecewtecre 0.22307 
I eine gig aly eienw — 28.5° F.+ 
I TN oa aa ann big share a dhe 0 dee Bln. cele —151.6° F.t 
Latent Heat of Evaporation ............. 121.0 B.t.u.7 
Seeeeee SUNOUMEIIND sncacccecccrcceseces 294.8° F.+ 
Pressure at Critical Ten:perature ......... 1233 Ib. per sq. in. 
NN MMII chi - 5 ara Basa reteie she eae e'e's 4 456 vol. gas 

*Leduc 7 Kneitsch tLange 
























TEMPERATURE-PRESSURE CURVE 
OF 
LIQUID CHLORINE (Knietsch) 
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Temperature —Degrees Fahrenheit 


Fig. 1—Relation between Temperature and Vapor Pressure 


LIQUID CHLORINE* 


VOLUME-TEMPERATURE RELATION 
OF 
LIQUID CHLORINE CONTAINERS 


Per. Cent Liquid Volume 





Temperoture—Degrees Fahrenheit 


Fig. 3 


SOLUBILITY OF CHLORINE 
IN WATER (Winkler) 


Per Cent Chlorine 





Temperature —Degrees Fahrenheit 


Fig. 4 


A better visualization of those properties which are more serv- 
iceable can be obtained by studying the following charts and 
tables. 

The compressibility coefficient of liquid chlorine is more than 
that of any other liquid element (approximatety 0.0118% vol. 
/atm.). Its density decreases quite rapidly with increasing 
temperature. It is obvious from an examination of Figure 3 
that above 156° F. a cylinder loaded to legal limits is subjected 
to hydrostatic pressure which will rupture it. Therefore, it is 
most important that the cylinder be kept safely. below this tem- 
perature in any circumstances. 

Chlorine is only slightly solub‘e in water. As depicted by 
Figure 4, its maximum solubility in distilled water is approxi- 
mately 1% at 49.2° F. Below that temperature chlorine crys- 
tallizes in the form of chlorine hydrates, their composition de- 
pending upon conditions. 


Liquid Chlorine Containers 
Cylinders 

Cylinders for shipping liquid chlorine by express, less carload, 
or box carload freight, are of various sizes ranging from 10 
pounds net to 150 pounds net. 


WEIGHTS OF 100 AND 150-LB. CYLINDERS 
Net Contents ..... Py Pe rere 100 pounds 150 pounds 
Average Tare Went 2... ccccsévcerss 93 pounds 123 pounds 
AVOPERS Grose: WIRE 2 cecwrcsieses 193 pounds 273 pounds 


Minimum carloads comprise ‘one hundred and fifty 100-pound 
cylinders or one hundred and eleven 150-pound cylinders. 

Figure 6 illustrates the standard chlorine cylinder valve de- 
signed by the Chlorine Institute and now used by nearly all 
chlorine shippers. The stem “A” is of Monel metal and one 
complete turn in a counter-clockwise direction opens the valve 
so as to permit the maximum discharge of gas. A “frozen 


*From a bulletin on “Liquid Chlorine,’ prepared and distributed 
by Pennsylvania Salt Mfg. Co., March, 1936. 
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stem can usually be freed by slightly loosening the packing nut 
“C.” tapping the top of the stem lightly, and then giving the 
yalve wrench a sharp rap with the palm of the hand. The body 
“B” is a bronze and all connections to it are tightened by turn- 
ing in a clockwise direction. Gas leaks around the stem can 


he checked by tightening the packing nut. Under no circum- 
stances tamper with safety plug “D.” It is below the valve seat 
and, therefore, cannot be controlled by the valve. Fusible metal 
in this plug softens at temperatures exceeding 157° F., hence 
cylinders should never be exposed to such temperatures for even 
short durations. 

The valve outlet threads are standard 34-inch hose coupling 
to which an auxiliary valve (containing a fiber or lead gasket) 
may be connected. However, these threads are bronze and are 
easily damaged. The clamp and adaptor ” 
shown in Figure 7 is the more practical “F y 
type of connection. 


Handling Cylinders 
The handling of cylinders requires no 
expensive equipment. It is preferable 
that they be transported and stored in 
an upright position. Light, rubber-tired, 
two-wheeled trucks are convenient for 
moving them on level floors. Where 
cylinders have to be lifted above the 
ground floor a crane, or hoist, equipped 
with a special cradle, or carrier, should 
be provided in the absence of an elevator. 
. % 54h" 5" 
The maximum discharge rate of chlor- 
ine gas at 70° F. is approximately 35 
pounds per 24 hours for a 100- and 150- 
pound cylinder. This rate may be in- 
creased by improving the circulation of 
air around the cylinder, or by raising the 
temperature. Under no_ circumstances 
should the application of heat be made 
directly to the fusible plug. The prac- 
tical method of heating cylinders is by 
means of a thermostatically controlled 
water bath in which the temperature is 
limited to 100° F. Even this procedure 
is questionable if used in conjunction with 














a 


a chlorinator because uneven tempera- —-©& 

tures prevail which in turn cause con- k#—— 10 — 
densation difficulties. Where chlorine is 

used in equipment operating under cylin- k— /04-— 


der pressures, it is essential that the 
cylinder temperature be no higher than 
that of the gas lines or chlorinator. 
Otherwise condensation will certainly oc- 
cur with attending operating irregulari- 
ties. (See Fig. 9.) 

As soon as the cylinder is emptied, suction is set up tending 
to draw water and foreign matter back into the cylinder. This 
has caused several cylinder failures which could have been 
avoided by closing the cylinder valve as soon as the cylinder is 
empty. 


Cross Section of 100- and 
150-Pound Cylinders 


Fig. 5—Various Sizes 
of Cylinders 


Multiple Unit Tank Cars—Ton Containers 
The multiple unit tank car is adapted for large chlorine con- 
sumers who desire a more flexible unit than the standard chlo- 
rine tank-car. It consists of an un- 
derframe carrying 15 one-ton 
drums. Classed as a tank car, the 
underframe and units are subject 
to free freight movement both 
ways, freight being assessed only 
on the net contents of the car. 
Each of the unit containers holds 
2000 pounds of chlorine. This ship- 
ping container is authorized by the 
Interstate Commerce Commission 
for common carrier movement only 
as an integral part of a fifteen unit 
car. Multiple unit and tank cars 
may be consigned only to private 
sidings, or to approved public sid- 
ings. (Par. 431B I. C. C., Regula- 
tions as amended 1933.) Where un- 
loading conditions are ideal it is a 
useful package of chlorine because 
its units are of such size as to per- 





Fig. 6—Cross Section of 
Standard Cylinder Valve 





mit reasonable movability yet not requiring the frequent changing 
necessary when using small cylinders. 


Each container is equipped with 2 valves, 2 internal eduction 
pipes, 3 fusible (157° F.) safety plugs in each end, and a re- 
movable valve hood. The valves are identical with the standard 
cylinder valves, except they are provided with larger internal 
valve openings and are not fitted with safety plugs. 

Multiple unit tank cars are not recommended for plants using 
less than 200 pourids of chlorine per day. 


Handling Ton Containers 


Due to the size and weight of ton containers, special equip- 
ment is required for unloading and transporting to storage or 
service rooms. Stationary or movable cranes, travelling over- 
head rail hoists, trucks, and dollies have been employed to meet 
the peculiar needs of individual plants. Some type of lifting 
rig is necessary for use with cranes or hoists. 





f 
Adaptor 
Fig. 7—Clamp and Adapter 


Containers are more easily handled and serviced from a prone 
position. Before servicing the container should be rolled or 
adjusted so one valve is directly above the other as shown in 
Figure 12. In this position, liquid chlorine may be discharged 
from the bottom valve and gaseous chlorine from the top valve. 
Some plants concerned only with the application of gaseous 
chlorine prefer to up-end the containers for storing and serv- 
icing, which procedure produces material saving in floor space. 


The clamp and adaptor connection previously illustrated is 
recommended as the most practical and flexible connection for 
container valves. Wrenches for operating these valves shou!d 
never be longer than seven inches. 


Four hundred and twenty pounds per 24 hours is approxi- 
mately the maximum rate of gas withdrawal for a ton-container 
at 70° F., operating against 35 pounds per square inch back 
pressure. This rate may be increased by improving the air 
circulation around the container, or by raising the room tem- 
perature. Ton containers should never be subjected to the direct 
application of heat because of the danger of melting the fusible 
plugs. 


Single Unit Tank Cars 

Single unit chlorine tank cars are of two sizes, holding ap- 
proximately 32,000 and 60,000 pounds of chlorine each. Located 
in the dome are two liquid withdrawal valves on the longitu- 
dinal axis, two gas valves on the transverse axis, and a safety 
valve. Each liquid eduction pipe is fitted with a vertically act- 
ing ball check which stops the flow of liquid chlorine from the 
car in case of unloading line breakage, sudden opening of valve, 
or very heavy withdrawal rates. 

The withdrawal of gaseous chlorine from any liquid chlorine 
container causes refrigeration and subsequent pressure reduction 
in the container. This effect is markedly increased by the cork 
insulation on single unit tank cars, and consumers purchasing 
their chlorine requirements in single unit tank cars may find it 
necessary to use liquid chlorine vaporizers on their operation 
requiring chlorine gas. Vaporizers usually employ hot water 
or steam as their heat sources, and may be equipped with either 
open or closed jackets. 


Piping and Fixtures 


A copper tubing built for 500 pounds per square inch work- 
ing pressure is the preferred material for connecting all chlorine 
containers to permanent pipe lines. 


Dry Chlorine 


Black iron pipe is recommended as the preferable material for 
dry gaseous or liquid chlorine, although steel, copper, or other 
metal piping which will resist high pressures may be used. 
While standard weight pipe is satisfactory for all normal chlo- 
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Fig. 9—Condensation Difficulties Caused by Uneven Temperatures 


rine pressures, the extra heavy variety is recommended as safer 
and more practical since abnormal temperatures caused by fires, 
mechanical strains due to displacements, and corrosion produced 
by the entrance of moisture are all factors which should be 
considered. Liquid chlorine lines should be as free from bends 
and obstructions as possible. Where maximum discharge rates 
or lifts are required, pipe friction losses should be reduced by 
using lines of % inch or more in diameter. 


Hard rubber pipe is satisfactory for chlorine gas, but should 
never be used for conveying liquid chlorine. Pressure should 
not exceed 50 pounds and 80 pounds for the standard and extra 
heavy hard rubber pipe respectively. Lines conveying gaseous 
chlorine should be run on a continuous upgrade in order that 
condensed (re-liquefied) chlorine will run back into the con- 
tainer. Where this is impractical, drip legs should be provided 
in the low points of the pipe line. These legs should terminate 
in pockets which will assure evaporation of the liquid chlorine. 
Blow-off cocks or other bleeding arrangements are not recom- 
mended since they are both dangerous and unnecessary. 


Pipe joints may be made with standard couplings, unions, or 
flanges. Standard ammonia flanges are preferable, since their 
use permits easy inspection and repair to lines. Gaskets should 
be of lead or asbestos composition. Only special valves for 
chlorine service should be employed. Usually, the body is of 
steel or special bronze, and the stem is of Monel metal. Graphite 
coated asbestos and rubber covered asbestos are recommended 
for packing. Flanged valves are preferable. Gauges should be 
of the diaphragm type for chlorine service. Equipment and 
lines carrying dry chlorine should not be exposed to excessive 
heat. 


Wet Chlorine 


Wet chlorine is very corrosive to all of the common metals. 
Materials contacting it must be of earthenware, glass, rubber, 
one of the special alloys, or noble metals. The handling of wet 
chlorine is an individual plant problem and specific recommen- 
dations can be made only after a survey and study of the vari- 
ous factors involved. 





Handling Chlorine Leaks 


(The safety information in the following paragraphs has been 
taken largely from Sale Practices Pamphlet No. 71 of the Na- 
tional Safety Council, as recommended for revision by The 
Chlorine Institute in December, 1935. For more complete safety 
information write the National Safety Council, 20 North Wacker 
Drive, Chicago, [llinois.) 


The ventilation provided for the chlorine room, mechanical 
or otherwise, should be of such nature as to remove and dissi- 
pate the gas with the least injury to persons and property. 


Stand leaking container upright if possible. This will pre- 
vent the escape of liquid chlorine and under these conditions 
vaporization diminishes rapidly as natural chilling takes place 
and the escape of chlorine into the air will then be very slow. 
Ton containers have two valves, and in case of a leaky valve, 
the container should be rolled so the valves are in vertical plane 
with the leaky valve upward. In this position the valve will 
leak chlorine gas, not liquid chlorine. 


In case of accident indoors, every effort should be made to 
remove the leaky container outside the building. Water played 
on a gas tank will not stop the leak. Water in large quantities 
played on a cylinder gas leak will assist in diluting and dissi- 
pating the gas. Water played on a liquid leak may provide 
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Fig. 12—Cross Section of a Ton Container 
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chlorine hydrate from which the evaporation of gas is slow. 
These operations should only be undertaken by a competent 
person wearing an approved gas mask in good order. When a 
pond or large body of water is nearby, the leaking container 
should be submerged in the water. Loose earth, cement, lime 
(both slaked and unslaked), and heavy textiles (both wet and 
dry), such as bagging and felt, will act as an absorbent or 
blanket. 

It is illegal to ship a defective or leaking chlorine container. 
If there is an accident, telephone the car owner or nearest chlo- 
rine plant for assistance. The telephone numbers and residence 
addresses of the nearest chlorine plant organization members 
should be posted in the office of the person in charge of the 
handiing of chlorine in the plant of the user, and in the office 
of the manager. 


Gas Masks 

It is imperative that some form of protection be provided for 
emergencies. Several types of gas masks approved by the U. S. 
Bureau of Mines and suitable for high concentrations of chlo- 
rine are available. For this purpose, a sufficient number of 
suitable gas masks should be on hand and located at a readily 
accessible point outside the area likely to be affected in case ot 
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Fig. 17—Details of Dome and Inner Shell of Single Unit 
Chlorine Tank Car 





accident. The instructions accompanying a mask concerning its 
care and use should be obeyed implicitly. Everyone who is in 
danger of being accidentally exposed to high concentrations ot 
chlorine should be provided with a gas mask, preferably to be 
used by no one else. He should be familiar with the instruc- 
tions accompanying it and trained to hold his breath and to put 
the mask on quickly and properly. Periodic strict inspection 
and maintenance of approved gas masks are essential. 





Safety Cylinder Handling Carriage 


The accompanying pictures and detail sketch illustrate a novel, 
efficient and inexpensive carriage for transport of cylinders con- 
taining chlorine, ammonia or other compressed gases. 


The device was designed and constructed from the wheels 
and front axle of what was once a Model “T” Ford automo- 
bile. Its ease of handling is self evident and its use saves many 
a “weak back” and avoids dangers of injury to the “strong 
men” around water and sewage plants. 
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Model “T” Cylinder Carriage 
Unique Carriage Designed for Cylinder Handling at the Water 
Purification Plant of the Philadelphia Suburban Water Co. 


To Edward J. Jenkins of the Philadelphia Suburban Water 
Company, Bryn Mawr, Pa., we are indebted for the illustrations 
of this unique cylinder truck which was developed in the above 
plant under his supervision. 





In Position Ready to Ride 
































































































WATER WORKS AND SEWERAGE DATA 





SOME PRACTICAL ASPECTS OF HANDLING CHLORINE 


By CHRIS F. BINGHAM* 
Richmond, Va. 


There appeared in the September, 1935, issue of the Journal 
of the American Water Works Association a valuable report, 
dealing with chlorine, by the Committee on Chemical Hazards in 
Water Works. This paper is intended to record various prac- 
tical experiences in chlorine handling and opinions that in their 
nature had no place in the above committee report. However, 
the writer will quote freely from the report, where deemed ad- 
visable, and recommends that those interested procure a copy 
of the journal containing it. 


Properties of Chlorine 


Chlorine gas is approximately two and one-half times as heavy 
as air at normal temperature and pressure, and hence, leaking 
chlorine, tends to settle and collect in low places and on the 
floor of an enclosed room. 

Chlorine is neither flammable or explosive. The dry gas does 
not attack iron, copper, or lead at ordinary room temperature. 
However, in the presence of moisture it is very corrosive and 
combines readily with most metals except those classed as the 
“noble” metals and special alloys. It is important to note that 
even the dry gas becomes very corrosive at temperatures above 
300 degrees F. and is likely to become so at temperatures as 
low as 195 deg. F. 


Chlorine Lines 


Rubber and the noble metals are sufficiently resistant to the 
action of wet chlorine to be satisfactory materials to handle 
either the moist gas or water solutions. Liquid chlorine in 
itself cannot, however, be used with hard rubber. During the 
last year and a half plant tests have been made in Richmond to 
determine the resistance of asbestos-cement pipe to chlorine so- 
lutions. As a result, the prechlorination and copperas-chlorine 
solution systems have been rebuilt using two and one-half inch 
“Transite”’ Class “B” pipe and Class “S” elbows. So far, this 
installation has given excellent service, the only difficulty en- 
countered was due to its brittleness and the lack of sufficient me- 
chanical support—a few sections of the pipe being broken by 
strains before adequately supported. The chlorine solution seems 
to “wet” the inside of the pipe to a depth of % to 3/16- 
inch and then stop, no further change was noted in the experi- 
mental installation or in the new permanent installation after 
two months of heavy use. 

Extra heavy iron pipe with wrought iron fittings and litharged 
joints should be used for the chlorine pressure lines. Litharge 
that has been opened for some time seems to form a carbonate 
coating on the particles which result in a never-hardening and 
oily joint compound which will allow the joint to leak probably. 
Only new litharge is recommended. Care taken in the correct 
installation of pressure feed lines is a thousand fold repaid. Am- 
monia valves (of steel) have been used in the chlorine pressure 
lines at Richmond with satisfactory results, but where possible 
the standard Chlorine Institute ton container valve has been 
used because of its convenience, economy and superior construc- 
tion. In general chlorine needle valves should have either Has- 
telloy “C” or Monel Metal stems, and joint valve bodies may be 
constructed of steel, brass or Hastelloy “C.” 

Soft copper tubing connections (cadmium plated) are used in 
connecting the one-ton chlorine containers to the piping system. 
We specify that a small wrench “hold” be milled on the bushing 
on the tubing, to allow holding the tube at the joint during 
tightening of the coupling. This, to prevent wringing off the 
tube at that point. The tubing becomes quite hard and rigid 
after continued service, but its ductility may be renewed by 
heating slowly to a dull red heat and quenching in water—the 
customary method of copper softening. 

Hard drawn copper fittings and pipe of the “Streamline” type 
also have been used with essentially pure silver as the solder in- 
stead of the regular solder, furnished for such pipe, which 
chlorine attacks. A silver coin will serve as satisfactory solder. 
High copper content brass fittings have been used with this type 
of pipe also and seem to work entirely satisfactorily. 


Avoiding Condensation Troubles 


The gas feed lines should, if possible, always be warmer than 
the chlorine containers to avoid condensation (re-liquifaction of 
chlorine) and consequent problems. These lines should also be 
run on a continuous upgrade from the containers in order that 
the condensed liquid chlorine will flow back to the containers 
Such theoretical conditions cannot always exist practically and. 
in cases where this is impossible, drip-legs should be provided 
at every low point on the pipe line—especially so near the chlo- 
rinators. Blow-off cocks or other bleeding arrangements are 
not recommended since they are both dangerous and unnecessary, 
If the drip legs are so located that the room temperature does 
not keep the condensate vaporizing at a satisfactory rate, addi- 
tional heat may be applied by warming with a 100-watt electric 
bulb permanently installed beneath the leg. The size of the leg 
varies with the conditions, but it is recommended to be 1% times 
as large as the volume of the pipe line leading from the chlorine 
container to the leg. 

Chlorine reacts with grease and oil to form voluminous frothy 
substances; with gasoline and other petroleum distillates to form 
solid complex chlorinated hydro-carbons. Alcohol and ether, 
even in traces, are converted to solid waxy hexachloroethane. It 
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One of the Reducing Valves (Looking Down) on the Chlorine 
Feed Lines. It Is Located on the Manifold Just Beyond the 
Containers in the Outside Gassing Chamber 


is important, therefore, that all grease, moisture, etc., should be 
thoroughly removed from chlorine lines during their erection. 
Methane derivatives, chloroform, wood alcohol, and carbon- 
tetrachloride are the only safe chlorine equipment cleansers to 
employ. 

Whereas, drip legs are very helpful, condensation in chlorine 
lines should be avoided. If the gas leaving the container drops 
only a few degrees in temperature it will condense into a liquid 
in the feed lines and find its way into the chlorinators, with its 
consequent troubles. This condition can best be avoided by re- 
ducing the pressure at the containers to the lowest point per- 
missible for the proper operation of the machines. In fact, i 





*Plant Supt., Div. of Filtration, Dept. Public Utilities, Rich- 
mond, Va. 
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Handy Light Weight Safety Truck for Cylinder Handling 
(Courtesy Carl Leipold, Winnetka, IIl.) 


the line pressure be kept at 40 pounds per square inch or less no 
condensation can occur in the lines except at extreme cold tem- 
peratures. In Richmond, by keeping the reducing valves (in 
duplicate) set at 35 pounds per square inch, no liquefaction has 
resulted, although the chlorine feed lines are 400 feet long and 
the containers are in compartments outside of the plant which 
get quite warm in summer and also are artificially warmed in 
cold weather—an ideal condition for condensation in the feed 
lines. 

Chlorine, in distilled water, at 49.2 deg. F. will form chloral- 
hydrate, commonly referred to as “chlorine ice.” This condi- 
tion is frequently found in the trays of vacuum type chlorinators 
during cold weather; but may be overcome by placing an electric 
light under the tray of the chlorinator. At the same time, re- 
ducing the water flow through the tray is also helpful. Since the 
solubility curve is a very sharp one a rise of only one or two 
degrees of the water is sufficient to do away with the trouble. 


Container Temperatures and Pressures 


_ The per cent of container volume occupied by liquid chlorine 
in the containers, when loaded to the limit permitted by the Inter- 
state Commerce Commission regulations, is such that at 153.9 
deg. F. the cylinder becomes completely filled due to the expan- 
sion of the liquid chlorine. Liquids do not have the compressi- 
bility or cushioning effect possessed by gases. hence any further 
increase in the temperature will cause enormous pressure in the 
containers. For this reason, fusible plugs are provided which 
are intended to soften at slightly above this temperature and 
thus relieve the dangerous pressure. It is important, therefore, 
to keep the cylinders below this temperature regardless of the 
amount of chlorine that they mA4y contain. Experience at the 
Richmond plant justifies this warning. 

There are several practical precautions suggested by the above 
facts. Cylinders should never be directly heated by flame, steam 


or even electrical means that can exceed 160 deg. F. To avoid 
such hazard, warm air from the building is blown through an 









underground pipe to the containers which are housed in compart- 
ments outside of the plant. Secondly, a full cold chlorine 
cylinder has a lower pressure than one at room temperature; 
hence, if they are connected together as on a header, the cold 
cylinder will actually draw in chlorine. If the valve is then 
closed the overloaded cold cylinder may cause trouble when it 
becomes warm, even to room temperature. Hence, cylinders 
should be brought to about the same temperature before being 
connected together. As another example, the re-loading of con- 
tainers thought to be empty, is absolutely forbidden unless under 
technical supervision. 

If gas is drawn from a container, the pressure within the con- 
tainer will be reduced. If a constant supply of gas at constant 
pressure is to be maintained, then heat must be applied to the 
liquid in the container. The more rapidly the gas is removed, the 
more rapidly heat must enter. This is usually accomplished by 
increasing the room temperature. If instead of adding heat, the 
container is cooled—the pressure falls. This is why a leaking 
cylinder should be cooled as rapidly as possible. Different 
opinions exist as to the maximum rate that gas may be drawn 
from cylinders. Experiments at Richmond have indicated that as 
much as 800 pounds per day may be drawn from the standard 
one ton container, in the summer when indoors, with pressure 
maintained on the gas line at not less than 30 pounds per square 
inch. However, 400 to 450 pounds per day is about the maxi- 
mum successful continuous rate of supply from these containers. 
With the 150 pound cylinder the rate is about 30 pounds per 
day. Increasing the room temperature and providing air circula- 
tion will increase the rate of gassing. Especially so with a full 
cylinder because there is then a large area of the liquid exposed 
to the sides of the warmed container. Adequate air circulation 
is a considerable aid in maintaining sustained gassing rates. 


Handling Containers 


Containers are built of steel and may be safely handled with 
care. Dropping or bumping containers is extremely dangerous, 
and facilities used in handling should be carefully arranged to 
prevent such rough treatment. Hoisting is to be avoided if pos- 
sible. Low, rubber tired trucks are preferable if conditions 
allow. A rubber tired light weight hand-truck for 150 pounds 
cylinders, first used by Carl Liepold at Winnetka, IIl., plant has 
proven both safe and convenient. The overhead monorail sys- 
tem used in Richmond for ton containers, involves the use of a 
lifting hook used to reduce space and suitable for low head oper- 
ation on such a system. Out of doors storage is provided in 
racks, the enclosed section being the warmed gassing chamber. 
The maximum chlorine temperature yet found in these stored 
containers is 108 deg. F. or a pressure of 160 pounds which is 
amply safe. In warmer climates it may be well to shield stored 
containers from direct heat of the sun. 

Chlorine may be safely stored indoors. Having the containers 
in operation mounted near the control machine undoubtedly has 
its advantages. In small installations, having in storage or in 
use only a few 150 pound cylinders, this risk is not serious and 
the practice is to be recommended, but when larger quantities of 
chlorine are necessary the advantage of the out of door storage 
and gassing chamber, with only the chlorine feed lines and the 
machines in the building, is certainly evident. 


Ventilation Facilities and Leak Handling 


When storage and operating containers are indoors adequate 
and reliable ventilation is essential. Exhaust air ducts draining 
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air from the room should intake at the-foor level and a fan forc- 
ing air into the room should drive the chlorine atmosphere di- 
rectly out of the building. Where steam is available, a suitably 
designed ejector system, with discharge to a sewer or stack, is 
perhaps the best disposition of the escaped chlorine. 

The use of neutralization tanks containing caustic, or attempt- 
ing to stop a leak by spraying water on the leak, or cooling with 
ice and salt, while theoretically correct, are of doubtful practical 
value. Practically it has been found at the Richmond plant that 
the best disposal is by submerging the cylinder, as for example, 
in the raw water flume, or other convenient large body of flowin 
water. “Dry Ice” (solid carbon dioxide), is the only wiethod 
used successfully in cooling a cylinder to stop a leak by sufficient- 
ly reducing the gas pressure. 

A suitable number of gas masks, of a design approved by the 
U. S. Bureau of Mines, should be readily available in a con- 
venient location, and all employes should be trained in the cor- 
rect procedure in putting on the masks. There is quite a preju- 
dice among a large number of operators against the use of a 
mask in stopping small leaks. Contrary to general statements 
otherwise, that chlorine exposures produce no cumulative effects, 
the writer has noted cases of men repeatedly exposing them- 
selves to small concentrations and have ended up with irritations 
such as results from a heavy concentration. It is well to note 
that the life of a canister type gas mask of the soda lime-acti- 
vated charcoal type, depends not only upon the extent to which 
it is put to active service, but upon the storage conditions. Such 
canisters deteriorate rather rapidly when left open to the air 
and, therefore, the bottom opening of the canister should be kept 
sealed with the plug or disc supplied by the manufacturer. The 
useful life of a canister cannot be predicted and a fresh canister 
should always be available. Canisters should be replaced period- 
ically, regardless of use. 

Remember three simple rules in using a gas mask: 

1. Never use where there is any danger of a deficiency of 
oxygen. 

2. The life of the canister is an unknown quantity. 

3. Any gas mask job is a two man job. 

Even small chlorine leaks are dangerous and should be stopped 
immediately. A chlorine leak may be readily located by means 
of aqua ammonia. The best procedure so far found in Richmond 
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consists of the use of a “blow-bottle” here illustrated. This js 
a bottle of suitable size to carry in one hand conveniently. A 
rubber atomizer bulb is attached and permits the operator to 
blow ammonia fumes from the bottle while holding the outlet 
nozzle near the suspected leak. This outfit can be easily manipy- 
lated with one hand. 

Water played on a gas leak will not stop the leak, but in large 
quantities will assist in diluting and dissipating the gas. How- 
ever, water played in a liquid leak will provide chlorine hydrate 
from which hydrate the evaporation is slow. Such operations 
should be undertaken only by a competent person wearing an 
approved gas mask and such protective clothing as rubber gloves 
(loose fitting) and a rubber apron. 

There is so much difference of opinion (See A.W.W.A. Com- 
mittee Report, Jour. A.W.W.A., Sept., 1935) as to the best 
medical treatment to be given those suffering from exposure to 
chlorine; and the “Do’s and Dont’s” are almost as numerous; 
that the writer rafrains from expressing any opinion for anyone 
else’s use on this subject at this time. 


Flexibility of Chlorinator Service 


Chlorine control machines are relatively expensive, yet ample 
reserve against extra demands or repairs is absolutely essential 
in every plant. To reduce the number of machines needed, and 
yet leave reliable reserve at the Richmond plant has been in- 
stalled a most successful transfer system. Three points of 
chlorine application before filtration and four control machines 
are available on the transfer. By means of the transfer system, 
the opening of a valve permits any or all of the four chlorinators 
to supply any or all of the three points of application. By chang- 
ing hose connections two additional control machines may be 
substituted thus making six machines almost immediately avail- 
able at any point of chlorine application. Thus six machines 
give as reliable service as would ordinarily necessitate nine 
machines. 

The author wishes to gratefully acknowledge his indebtedness 
for the suggestions and criticisms of: M. C. Smith, Chairman 
of the A. W. W. A. Committee on Chemical Hazards in Water 
Works; L. H. Enslow, Research Engineer of the Chlorine Insti- 
tute, and Editor of WATER Works AND SEWERAGE, and to Carl 
Liepold of Winnetka, II]. 





W. A. TAYLOR & CO., INC. 


872 Linden Ave., Balto., Md. 
pH and CHLORINE CONTROL EQUIPMENT 





All Color Standards Guaranteed for 5 Years 


Taylor Slide Comparators are designed to give the maximum efficiency in pH and 
They are durable, compact, accurate, rapid, and so simple in 


chlorine control work. 
operation that any workman can use them. 


ADVANTAGES OF SLIDE COMPARATORS 


No loose standards to handle. 
breakage of standards or error due to reading standards incorrectly, eliminated. 
2. Determinations made by sliding standards in front of test sample until color match 


1. Color standards enclosed in Bakelite slide. 


is obtained and reading pH from values on slide. 
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F.O.B. Baltimore. 





DALITE SLIDE COMPARATOR 


The Long Range Set is a portable outfit. 
determinations are to be made in one place or where standard lighting conditions are 
desired during both day and night. 
phenol Red Slide Comparator complete, two extra color standard slides, Bromthymol Blue 
and Phenol Red, vials of indicator solution, pipettes and 5cc test tubes. 
pH 5.2-8.4 in intervals of 0.2 pH. 
Comparator $48.50. Extra color standard slides $7.50 each. 

The Enslow Slide Chlorimeter, for chlorine control is supplied separately ($17.50) or 
in combination with either the Long Range Set ($51.50) or Dalite Set ($60.00). All prices 


Loss or 





LONG RANGE SLIDE COMPARATOR 


Two color standards always in view, intermediate values readily estimated. 
All color standards guaranteed for 5 years. 

Molded from Bakelite, they are small, compact and readily portable. 
Molding gives machined precision impossible with wood or sheet metal. 
Will not warp, crack or come apart. 


WATER WORKS OUTFITS 


The Dalite Set is recommended where all 
For water work each of these sets contains a Chlor- 


Complete range 
Long Range Slide Comparator, $40.00. Dalite Slide 


MODERN pH AND CHLORINE CONTROL 


A 54-page handbook containing descriptions of all our equipment, a simple explanation 
of pH control, and its practical application to numerous problems, sent free on request. 
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DETERMINATION OF 


No reagent is at present available which is specific for chlorine. 
The most frequently used indicators in water or sewage which 
has been treated with chlorine or hypochlorites are orthotolidine 
or starch iodide, both of which measure other oxidizing agents 
as well as chlorine. Ferric and organic iron compounds, man- 
ganese compounds, algae, etc., are examples of substances which 
may produce color similar to chlorine, or affect the intensity of 
color produced by chlorine. This interference generally is of such 
nature that it superimposes an added similar color upon the color 
produced by chlorine. Jf proper precautions are not taken in 
the tests outlined below, free chlorine may be recorded when none 
exists. The technician must satisfy himself as to the presence and 
quantity of interfering substances present in the sample to be 
tested. 


Orthotolidine Method—A 


For chlorinated waters with less than 0.01 p.p.m. manganese; 
for 0.01 p.p.m. nitrite; or for 0.3 p.p.m. ferric iron. 


Orthotolidine Solution. Dissolve 1 g. orthotolidine (m. p. 
129° C.) to a total volume of 1000 ml. by grinding the orthotoli- 
dine to a thin paste with 5 ml. of 1:5 HCl in a six-inch mortar 
and then adding 150 to 200 ml. of distilled water. Solution is 
immediate. The strong solution is washed with distilled water 
into a 1000 ml. graduate and brought with distilled water to a 
total volume of 505 ml., after which 495 ml. of 1:5 HCl are added, 
making the total volume 1000 ml. 


Permanent Standards. These are prepared with copper 
sulphate solution (1.5 g. CuSO.-5H:O dissolved in 1 ml. concen- 
trated H:SO, and diluted to 100 ml. with distilled H:O) and 
K.Cr.0; dissolved in 1 ml. concentrated H.SO, and diluted io 
1000 ml. with distilled HO. When using these standards, color 
comparisons should be made in 100 ml. Nessler tubes having the 
graduation mark 300 mm. from the bottom. A _ tolerance of 
+10 mm. is permissible but not desirable. It is best to use 
matched tubes. 


The standards are made by mixing in a tube the quantities of 
reagents indicated in the table below and then diluting to the 
100 ml. mark with distilled water. The tubes should be protected 
from dust and evaporation by sealing micro-cover glasses on the 
top with collodion, Canada balsam, or similar material. 


Solution of Potassium 
Dichromate Milliliters 


Chlorine 
Parts per Million 


Solution of Copper 
Sulphate Milliliters 


0.01 0.0 0.8 
0.02 0.0 2.1 
0.03 0.0 3.2 
0.04 0.0 4.3 
0.05 0.4 5.5 
0.06 0.8 6.6 
0.07 1.2 7.5 
0.08 1.5 8.2 
0.09 ei 9.0 
0.10 1.8 10.0 
0.20 1.9 20.0 
0.25 1.9 25.0 
0.30 1.9 30.0 
0.35 1.9 34.0 
0.40 2.0 38.0 
0.50 2.0 45.0 
0.60 2.0 51.0 
0.70 2.0 58.0 
0.80 2.0 63.0 
0.90 2.0 67.0 
1.00 2.0 72.0 


These standards should neither be stored nor used in direct sun- 
light and should be renewed at least each six months. Excellent 
glass and liquid standards are commercially available but should 
be used only after checking for accuracy against the above 
standards. 


*From a bulletin on “Liquid Chlorine’’—Prepared and dis- 


tributed by Pennsylvania Salt Mfg. Co., March, 1936. 


RESIDUAL CHLORINE™ 


Procedure: 


The sample should be at least 20° C. and elevation of its tem- 
perature is permissible when accomplished by rotating it in an 
Erlenmeyer flask held in boiling water. The temperature at no 
time must exceed 40° C. 

Place 100 ml. of the sample in a 300 mm.-100 ml. Nessler iube 
and mix with it 1 ml. orthotolidine solution. Place in the dark 
and allow the color to develop for not less than 5 and not more 
than 15 minutes. Compare with the standards. If the color 
develops to a blue or green tint—as may be the case with 
strongly alkaline waters—the orthotolidine solution described 
under “B” may be used eliminate this tint interference. 


Comparisons are best made in cabinets wherein “daylight” elec- 
tric light is properly diffused, or in north daylight against a white 
background. Comparisons should not be made in sunlight. 


Orthotolidine Method—B 


For use where interference is experienced with oxidizing sub- 
stances other than chlorine and where nitrite is less than 0.3 
p.p.m! . 

Special Orthotolidine Solution. Add to 100 ml. orthotoli- 
dine solution prepared under “A,” 100 ml. distilled H.O and 60 
ml. concentrated HCl. 


Magnesium Sulphate Solution. 
7H:0 in 100 ml. distilled H.O. 


4.5 N Sodium Hydroxide. Dissolve 19 g. NaOH in 100 
ml. distilled HO. Titrate and adjust to 4.5 N. The chlorine de- 
mand if any must be satisfied. 


Dissolve 20 g. MgSO,: 


Procedure: 


To 200 ml. of the sample add 2 ml. MgSO, and 2 ml. 4.5 N 
NaOH. Mix thoroughly and separate precipitate by centrifuging 
at 1000 r.p.m. or more for three minutes. Decant 100 ml. of the 
supernatant into a 300 mm.-100 ml. Nessler tube. Proceed as 
under “A,” except that 3 ml. of the special orthotolidine are used 
in this test. 


Starch lodide Method 


For use where nitrite is more than 0.3 p.p.m., or as an alternate 
where manganese is interfering. 


Potassium Iodide Solution, Alcoholic. Dissolve 75 g. 
chemically pure KI (free from iodine or iodates) in a small 
amount of freshly boiled and cooled distilled H2O. Add 100 ml. 
ethyl alcohol and make up to 1 1. with freshly boiled and cooled 
distilled HO. 


0.01 N Sodium Thiosulphate. Dissolve 2.483 g. chemically 
pure Na:S:0;:5H:O in 1 1. freshly boiled and cooled distilled 
H.0. Standardize against 0.01 N. K2Cr.0O;. Check at least once 
each month. 1 ml. is equivalent to 0.354 mg. chlorine. 


Starch Solution. To 1.25 g. potato starch add a little cold 
H.O to make a paste. To this add 250 ml. and boil for ten min- 
utes. After cooling add 0.313 g. salicylic acid as a preservative. 
This reagent deteriorates on standing. If a pinkish tint is noted 
at the end-point a new starch solution should be prepared. 


Procedure: 


The accuracy of this determination increases as the tempera- 
ture is lowered. If the sample has a temperature above 20° C., 
it should be chilled at least to that point. Additional cooling in 
ice water, or if desired in an ice-salt mixture, to 1° C., will fur- 
ther increase the sensitivity of the determination. Place 1000 
ml. of the sample in a white porcelain casserole. Add from a 
pipette with the tip below the water surface 10 ml. KI solution 
and stir gently. Allow to stand 5 minutes. Add 5 ml. starch 
solution. Discharge the blue color by adding NazS.O;-5H:O 
from a burette. The amount of Na2S,0;:5H:O in ml. times 
0.3546 equals chlorine present in mg., or as the determination is 
outlined, in p.p.m. 
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PENNSYLVANIA SALT MANUFACTURING CO. 


Manufacturers of Industrial Chemicals 


PLANTS: Philadelphia, Pa.; Natrona, Pa.; Wyandotte, Mich.; Tacoma, Wash. 





Your order for any of our products, your inquiry for additional information, 
or your request for a service visit will receive our immediate attention. 


CHLORINE 


Our liquid chlorine is produced withc.p. standards of 
purity. Customers are quick to testify to the quality of our 
product, the cleanliness of cylinders, the workability of our 
valves, and the promptness of our service. Shipments are 
made in 10, 15, 25, 100, and 150 pound cylinders; multiple 
unit tank cars of 15 one-ton containers; and single unit tank 
cars holding 16 and 30 tons. 


PERCHLORON 


Perchloron is a high test calcium 
hypochlorite containing over 70% 
available chlorine. It isa stable, free- 
flowing powder suited for either con- 
tinuous or emergency sterilization 
and disinfection. Shipmentsare made 
in cases of 12 cans holding approxi- 
mately 4 pounds each, and in 75 100. and 150-Pound Cylinders 
pound drums. 
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PENNSYLVANIA SALE” 
PHILADELPH 


PENCHLOR 


Penchlor also contains over 70% available chlorine 
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and is shipped in 100 and 300 pound drums. 
Every liquid chlorine consumer will find it most convenient to have one of 
these products on hand ‘for sterilizing new mains, tanks, and reservoirs; for 
controlling algae growth; and for cleaning filter sand. 


OTHER PRODUCTS 


Among the other products which we manufacture and which are utilized by 
water purification and sewage treatment plants are acids, alums, ammonia, 






bleaching powder, caustic soda, soda ash, and sodium aluminate. 



























WALLACE & TIERNAN CO., INC. 


Manufacturers of Chlorine and Ammonia Control Apparatus 
Dry Chemical Feed Devices, ete. 


NEWARK, NEW JERSEY 
“The Only Safe Water Is a Sterilized Water’’ 


Boston Chicago Detroit 
Bridgeport Cleveland Indianapulis 
Buftalo Columbus Jacksonville 
Charlotte Dallas Kansas City 
Chattanooga Denver Knoxville 


WALLACE & TIERNAN, Ltd., Toronto, Canada 
WALLACE & TIERNAN, Ltd., Winnipeg, Canada 


Lexington Omaha Seattle 

Los Angeles Philadelphia St. Louis 

Madison Pittsburgh Syracuse 
Minneapolis Roanoke Washington, D. C. 
Oklahoma City San Francisco 


WALLACE & TIERNAN, Ltd., Montreal, Canada 
WALLACE & TIERNAN, Ltd., London, England 





Two Visible Vacuum Chlorinators—I1 Manual and 1 
Automatic—and Automatic Ammoniator installed at 
Greenville, S. C. 





CHLORINATION 


Chlorination is the accepted standard of sterilization in water 
works practice. Costing only a few cents per million gallons 
of water treated, easily applied, simply controlled and positive in 
bactericidal action, it has contributed more than any one other 
measure in reducing America’s typhoid death rate from 30 per 
100,000 to less than 3. Whether the source of supply is polluted 
surface water or clear, sparkling well or spring, its purity should 
be insured by the certain protection chlorination provides. Over 
20,000. units of Wallace & Tiernan equipment in all parts of the 
world attest the universal accord with which chlorination and 
W&T Chlorinators are accepted. 












































































Visible Vacuum Control in low capacity equipments 
—Duplicate ‘“Equiscale’”’ Chlorinators at New 
London, Conn. 




















AMMONIATION 


The ammonia-chlorine process of water treatment has passed 
beyond the experimental stage and is accepted as a definite and 
valued aid in water works operation. Chloramine—formed by 
the combination of chlorine and ammonia—while somewhat slower 
in bactericidal action than chlorine, offers many distinct advan- 
tages. Chloramine residuals persist over long periods and are 
tasteless and odorless. Chlorophenol and certain organic tastes 
and odors are prevented. 


Chlorinous tastes are eliminated, this being of particular advan- 
tage on small gravity water supplies with widely fluctuating flows 
and with a chlorinator operating at a fixed rate at considerable 
distance from the town. Aftergrowths in the distribution sys- 
tem are destroyed and algae control made far more efficient owing 
to the persistent residual being carried through basins, filters and 
reservoirs. Finally, and most important, a new factor of safety 
is added by maintain- . 
ing sterilizing action 
throughout the distri- 
bution system to the 
consumer’s tap, thus 
eliminating all dangers 
of subsequent pollution. 


APPLICATION OF 
DRY CHEMICALS 


The development of 
dry chemical applica- 
tion has been of great 
value in both sanitary 
and industrial fields. Dif- 
ficulties from leaking 
tanks, corroded constant 
level boxes, clogged 
orifices, broken valves, 
and alJ the untidiness 
and disagreeable fea- 
tures incident to solu- 
tion feed systems are 
eliminated. Of particu- 
lar advantage in filter 
plants for applying 
alum, lime, soda ash or 
carbon, dry chemical 
application effects large ————— 
100 labor and Type MOF Dry Chemical Feeder for 


materials, accurate control of Alum, Lime or 
Activated Carbon. 


W&T EQUIPMENT 


Complete in both arrangement and capacity, the W&T line of 
Chlorinators, Ammoniators and Dry Chemical Feeders is de- 
signed to meet every water works requirement. Long life, low 
maintenance and utmost accuracy and dependability characterize 
each installation, reinforced by the services of a nationwide organ- 
ization operating from 29 Sales and Service Headquarters. The 
recommendation of W&T field representatives involve no obliga- 
tion. Feel free to call on them. 





Current literature on the many phases of chlorination, ammonia- 
tion and dry chemical feed is available on request. 
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AIR CONDITIONING IN RELATION TO WATER CONSUMPTION 


By LOGAN L. LEWIS* 
Newark, N. J. 


While it may be true that air conditioning has but recently 
become of peculiar but important interest to water works author- 
ities, it is by no means a novelty. The industry is some thirty 
years old. During the first twenty years of its life, application 
was limited almost entirely to industrial plants and, hence, few 
people knew of it. About ten years ago its application began to 
spread rapidly to theaters, department stores, restaurants and 
other buildings in which the public gather. This second phase 
of development brought improvements in equipment, made price 
reductions possible, and greatly broadened the market. 


From an air conditioning point of view, every human being 
in Jones’ store is a heater, giving off heat in both its sensible 
and latent form, or, with freedom of description, as dry and moist 
heat. Every light, every electrical device, every coffee urn is a 
heater. The rays of the sun heat the building structure where 
they strike it, and heat also flows in through it, because a lower 
temperature is maintained inside the structure. Therefore his 
system must remove heat and moisture when the weather is 
warm and add heat and moisture when the weather is cold. 


For effectively removing heat, we must have a refrigerating 
machine of which there are many types, all of which must be 
provided with means for removing the effluent heat. This 
effluent heat usually is carried away wholly or partly by the 
water furnished, and requirements may be great. In winter re- 
quirements for water are minute. Thus, demand for water is a 
seasonal one and proportional to the quantity of heat which must 
be removed. 


A simple way to get rid of this heat is to buy water from the 
water utility and pass it through his condenser to the sewer. If 
this were the only way to do it, water departments might well 
be concerned by the demand. But, in certain cities, the cost of 
water was high and the manufacturers of air conditioning and 
refrigerating equipment sought means of reducing water costs. 
And, so, economic forces began to stimulate the development of 
equipment which would reduce sales resistance by reducing the 
need for water where the rates were high, or where the threat of 
water shortage might restrict its use. This has borne fruit, so 
that there is available water conserving equipment which may, in 
some localities, reduce sales that water works managers would 
like to make. However, in other localities this improvement 
may prove a desideratum in reducing excessive demands. 


The Economy of the Cooling Tower 


The first stage of this development was the cooling tower— 
that slatted structure which you will recognize as the architec- 
tural abortion you have seen upon the roof of some local ice 
plant. This cooling tower is a means of heat disposal. The 
water passing through it is recirculated, being pumped through 
the condenser where it receives heat, and then through the cool- 
ing spray tower where it gives off this heat to the air. Some 
of the water is carried away by the wind, some of it is lost by 
evaporation, and that which is lost must be replenished from 
the source of water supply. This loss is quite small, so that 
the use of this cooling tower for heat disposal has cut the demand 
for water to less than 10 per cent of what it would otherwise be. 


To be fair to the cooling tower, it must be said that much 
has been done to improve its appearance. The second stage was 
the development of the evaporative condenser, in which the func- 
tions of the condenser and the cooling tower have been com- 
bined. The features of water conservation have also been further 
improved thereby and the space occupied by equipment greatly 
reduced. This piece of equipment may be placed upon the roof 
of a building and appear as a small rectangle, or, if it is feasible 
to lead air to and from it through ducts, it may be tucked away 
in one corner of the machinery room. 


Since there is no windage loss from the evaporative condenser, 
it requires less than 5 per cent of the water which you would 
otherwise furnish. Both the tower and the evaporative condenser 
are instruments for the conservation of water and are fully de- 
veloped practically and commercially. 





*Chief Engineer, Carrier Corpn., Newark, N. J. 


Water Demands of Modern Equipment 


What is the magnitude of this demand for water going to be 
ani what will be its characteristics? Let us examine the de- 
mands for water of the several types of prevalent installations of 
air conditioning, which are given in Table I which accompanies 
this discussion. 

B.t.u., or thermal units, per person will vary somewhat for 
each installation, but limits of variation are well known. Hours 
of operation per season can readily be set for maintenance of the 
desired conditions. Load factors, or the relation of average load 
to maximum load, are based on experience. Gallons of both 
maximum and average demand must be based on an average 
water temperature and an average balance between water and 
power. Hence, Table I is necessarily composed of figures which 
are admittedly controversial as to the interpretation of expe- 
rience, for multifarious economic forces press in some localities 
for excessive use of water and in others for conservation thereof, 

For a given electric power rate, cold water may throw the 
balance in favor of heat disposal entirely by water—warm water 
may do the opposite. Low power rates may favor conservation 
of water—high power rates, the opposite. A combination of 
high’s of water temperature and power cost operate strongly in 
favor of heat disposal by evaporation. 

The complexity of these economic forces becomes apparent 
when it is realized that power for air conditioning may cost from 
less than 1 cent per k.w.h. to more than 3 cents; that water may 
be purchased at rates varying from 45 cents per 1,000 cu. ft. up 
to $2.85—perhaps higher; that the temperature of the water 
coming from mains may range in summer from 56 to 85 degrees 
F.; and that pocketbook limitations to available capital may en- 
force the purchase of equipment which, being of low capacity, is 
above average in demand for water or power, or both. 

But, let’s continue our examination of the averages arrived at 
in Table I as they are carried forward in Table II. Three im- 
portant facts become obvious. 

First, that the demand for water is seasonal. It is high in 
summer and, as previously stated, insignificant in winter. An 
120-day cooling season is typical of New York. In the South, it 
may exceed 150 days. 

Second, that economic forces and restrictive regulations, such 
as are now applied in New York, did, in 1935, lead to extensive 
purchase of evaporative heat disposal systems. As a result, 
water consumption was cut by 60 per cent. 

Third, that within the cooling season, the peak demand is far 
above average consumption. 

Two figures in Table II are of such importance that they 


TABLE I 
DEMANDS OF SEVERAL TYPES 


OF 
AIR CONDITIONING INSTALLATIONS FOR WATER 


VALUES ARE pee PERSON 
WATER COOLED CONDENSERS 
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OFFICE 4,700| 47 1,200 56400 | 40} 22500 
LUNCH ROOM 1600} 16 900 14400 | 50| 7200 | 
RESTAURANT /2000| 20 1,200 24000 | 60/ 14500 
DRUG STORE 2,000) 20 1,800 36000 | 60| 21,500 
THEATRE 1,000} 10 1500 15,000 30 | 4500 
DEPT. STORE 1,600} 16 1,200 19200 | 60| 11500 
AVERAGE 2,300 42,500 17,200 
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TABLE IL 
AIR CONDITIONING REQUIREMENTS 
FOR WATER 


GAL./PERSON 
THE FOLLOWING ARE” AGES”. ADMITTEDLY 


‘COLD AVERAGES” 
CONTROVERSIAL AS TO THE INTERPRETATION OF EXPERIENCE. 
CONDENSERS OR COOLING 
ON 60% OF INSTALLATIONS. 


OR COOLING TOWERS USED. 
1935 EXPERIENCE 


| iF MAX. DEMAND PROBABLE | IF MAX.OEMAND | PROBABLE 
IS SUSTAINED. USE IS SUSTAINED. USE 
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PER SEASON OF 
120 DAYS 
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SEASON OF 
120 DAYS 140 
PER DAY FOR 
YEAR 365 120 50 50 (20) 
DAYS 


have been encircled. Note carefully that they are not the per 
capita consumption that water works men are accustomed to 
sing. 

" he -condinioning-wine, they will become per capita consump- 
tion if and when air conditioning installed and operated for the 
entire population served by the water system. This does not 
mean that every building in a city must be completely condi- 
tioned. It does.mean that the sum total of the number of peo- 
ple upon which the capacity guarantees of the systems are based 
has reached the sum total of population. In still other words, 
it means that there will exist an air conditioned spot for each 
and every person in a city, and no more. 

If air conditioning sales double every four years, at some time 
in a period between 1945 and 1950 the per capita demand upon 
water systems for modern air conditioning may become: 

(1) Maximum rate—35 gallons per day per capita. 

(2) Average rate—5 gallons per day per capita. 

Provided the present practice of using evaporative condensers 
and cooling towers is maintained. But if evaporative condensers 
and cooling towers be used exclusively from now on and be 
substituted for existing condensers, now wasting water, then 
these two rates would be cut to: 

(1-a) Maximum rate—23 gallons per day per capita. 

(2-a) Average rate—3 gallons per day per capita. 

Water works managers may be divided into two groups: 

1. Those to whom air conditioning offers an opportunity to 
sell more of their product. 

2. Those to whom any increased demand will present a seri- 
ous problem, and those who may now be unable to meet existing 
demands if rainfall is below average. 


42,500 17,200 17,000 7,000 
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Water Conservation Made Possible by Use of Modern Evapora- 
tion Condensers 


My conclusions are: 

(a) With respect to Group 1: The maximum demand of 
23 to 35 gallons per capita per day may overtax existing water 
works pumping equpiment or, if not that, the capacity of the 
mains at certain focal points. 

(b) With respect to Group 2: Their inability to assure a 
continuity of supply, either at present rates of consumption, or 
at present rates plus 3 to 5 gallons per capita per year average, 
or to pump and distribute as in (a), should be faced squarely 
as the facts stand, and proper restrictive measures instituted. 

(c) Generally: That the number and complexity of factors 
are such that the problem will not yield except to analysis of a 
specific survey. 

(d) That it is to our common interest to know and face the 
facts; and, worth our mutual effort to obtain them. 





Terminology in Pumping* 


Static Head 


Static Head is the vertical distance in feet beeween the free 
level of the source of supply and the point of free discharge, 
or to the level of the free surface of the discharge water. 


Total Dynamic Head 


Total Dynamic Head, as determined on test, where Suction 
Lift exists, is the reading of a mercury column connected to 
the suction nozzle of pump, plus the reading of a pressure 
gauge connected to discharge nozzle of pump, plus vertical 
distance between point of attachment of mercury column and 
center of gauge, plus excess, if any, of Velocity Head of dis- 
charge over Velocity Head of suction as measured at points 
where the instruments are attached, plus head of water resting 
on mercury column, if any. 


Total Dynamic Head, as determined on test, where Suction 
Head exists, is the reading of a gauge attached to the dis- 
charge nozzle of pump, minus the reading of gauge connected 
to the suction nozzle of pump, plus or minus vertical distance 
between centers of gauges (depending on whether suction gauge 
is below or above discharge gauge), plus excess, if any, of 
Velocity Head of discharge over Velocity Head of suction as 
measured at points where instruments are attached. 

Total Dynamic Discharge Head, is the Total Dynamic Head 
minus Dynamic Suction Lift, or plus Dynamic Suction Head. 
I otal Dynamic Head is the vertical distance between source 
of supply and point of discharge when pumping the required 
capacity, plus Velocity Head, plus friction and entrance losses. 


*From “Hydraulic Data,” an Ingersoll-Rand Hand-Book. 


Suction Lift 


Suction Lift exists where the source of supply is below the 
center of pump. 

Static Suction Lift is the vertical distance from the free 
level of source of supply to center of pump. 

Dynamic Suction Lift is the vertical distance from the source 
of supply, when pumping required capacity, to center of pump, 
plus Velocity Head, plus entrance, and friction losses; but not 
including internal pump losses. 

Dynamic Suction Lift, as determined on test, is the reading 
of a mercury column connected to suction nozzle of pump, plus 
vertical distance between point of attachment of mercury column 
to center of pump, plus head of water resting on mercury 
column, if any. 


Suction Head 


Suction Head (sometimes called Head on Suction), exists 
when source of supply is above center of pump. 

Static Suction Head is the vertical distance from the free 
level of the source of supply to center of pump. 

Dynamic Suction Head is the vertical distance from the 
source of supply, when pumping at required capacity, to center 
of pump, minus Velocity Head, minus entrance, and friction 
losses; but not minus internal pump losses. 

Dynamic Suction Head, as determined on test, is the reading 
of a gauge connected to suction nozzle of pump, minus vertical 
distance from center of gauge to center of line pump. Suction 
Head, after deducting the various losses, may be a negative 
quantity, in which case a condition equivalent to Suction Lift 
will prevail. 
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WATER WASTE SURVEYS 


By A. D. STALKER* 
Ottawa, Canada 


Waste control, as a subject, can be divided very conveniently 
into two parts: First, that having to do with wastage which 
takes place inside houses and other buildings; and second, that 
concerned with wastage from the underground portion of the 
distribution system. 


Meterage as a Remedy 


By far the most effective method of dealing with the wastage 
that takes place inside buildings is by having services 100 per 
cent metered. The person who has to pay for water through a 
meter can generally be depended upon to be economical in its 
use. To make the watertaker pay for the water he wastes, will 
reduce that waste to a minimum. 

In cities or towns where none, or only a small percentage of 
the services are metered, the control of waste from defective 
plumbing fixtures is much more difficult. Systematic house-to- 
house inspection, regularly maintained by a permanent staff of 
inspectors, will prove a great aid in keeping this class of waste 
within reasonable bounds. These inspections must be frequently 
repeated, and to be effective must be supported by strong laws 
and good plumbing ordinances. 

In Ottawa when defects in plumbing fixtures are located by 
any one of the inspectors, the owner of the property is given 48 
hours in which to make the necessary repairs. The inspector re- 
examines the premises at the expiration of the 48 hours, and if 
repairs have not been made, the service is shut off, and before 
it is again turned on repairs must be effected, and the owner is 
compelled to pay the sum of $1.00 as a charge for the services 
of the turnkey. 

The public in general seems to think that the information con- 
tained in educational literature dealing with the importance of 
attending to small leaks and wastes should make a great im- 
pression—on somebody else. The value of this type of waste- 
control work is debatable. The writer’s opinion is that the re- 
sults obtained are not worth the trouble and expense of getting 
up and distributing the literature. The only cure for waste due 
to carelessness is metering. 


The Pitometer 


The second phase of waste reduction has to do with the loca- 
tion of leakage from the underground portion of the distribution 
system. To find the leaky parts of the underground system, a 
survey must be made to ascertain where the water goes after 
leaving the pumps, and what parts of the system receive exces- 
sive quantities. This can be accomplished by means of a pitometer. 

The pitometer is an instrument that adapts the “Pitot” prin- 
ciple to the measurement of water. Two tubes enclosed within 
a metallic sheath are introduced into a water main through a 
l-in. corporation cock. The tubes are set in such a position that 
one orifice faces directly up-stream and the other directly down- 
stream. They are connected by means of rubber tubing to the 
two legs of a glass U-tube containing a liquid of a specific grav- 
ity higher than water and which will not mix with it. The dif- 
ference between the pressure on the downstream and on the up- 
stream orifices, which is the pressure due to velocity, causes a 
deflection of the liquid in the arms of the U-tube, and from this 
deflection the flow is calculated. 

The prism photo recording pitometer makes a continuous pho- 
tograph of the U-tube fluctuations upon a sheet of sensitized 
paper attached to a drum revolved by clock-work. The drum 
can be geared to complete a revolution in 12, 24 or 48 hours. 
From this photo record the flow through the main can be ascer- 
tained for any time during the gauging. 

To measure accurately the flow through mains with the pitome- 
ter, the ratio of the mean velocity to the center velocity must 
be established, as the orifices of the instrument are set at the 
center. This ratio is called the “pipe coefficient” and is estab- 
lished by traversing the pipe. A pipe traverse is made by taking 
readings of the velocity at intervals across the pipe sufficiently 
close together to make a smooth curve when plotted. The pipe 
section is divided into rings of approximately the same area. 





*Prin. Asst. Water Works Engineer, Ottawa, Ont. 


The mean velocity of each ring in feet per second multiplied by 
the area of the ring in square feet, gives the ring volume in cubic 
feet per second. The mean velocity for the whole pipe section 
is the total of these ring volumes divided by the area of the pipe. 
The mean velocity divided by the center velocity is the pipe co- 
efficient. On large mains it is desirable to traverse the pipe on 
two diameters 90 degrees apart and in the same plane. By using 
two rod meters, one can be left at the center of the pipe and 
the traversing done with the second, and readings taken when 
the center velocity is the same in each case. The pipe coefficient 
is the same for all velocities in the same pipe at any particular 
point, and it is upon the discovery of this principle that all 
pitometer gaugings are based. 


How Pitometer Survey Is Made 


A pitometer survey should properly start at the pumping sta- 
tions, and the discharge from the pump checked. When this 
has been done, I think it good practice to test all trunk or feeder 
mains before dividing the system into districts. These mains 
taken separately can be quickly done, and the distribution of 
water through that part of the system fed by them is interfered 
with for a much shorter time than would be the case if they 
were to form part of a district. Furthermore, trunk mains are 
usually so spaced as to form excellent district boundaries. 

More accurate results can be obtained if the pitometer tap is 
placed on a small main feeding into the trunk main than would 
be the case if the tap were to be placed on the trunk main itself, 
as a flow that would cause scarcely any deflection of the liquid 
in the U-tube if the tap were on the large main, would cause a 
sufficiently great deflection to give an accurate measurement of 
the flow if the tap were on the smaller main. The tap may be 
placed in such a position as to serve as a gauging point both for 
the trunk main and one of the districts. 

The next step is the dividing of the system into districts. This 
work must receive careful consideration. A district should be 
of a size that can be conveniently sub-divided in one night during 
the hours of minimum consumption, and the boundaries laid out 
with a view to causing as little interference as possible with the 
circulation through the balance of the system. The gauging 
point should be on a main of such a size that a velocity of about 
4 ft. per sec. would supply the maximum normal demands of 
the district, without any allowance for leakage. This velocity 
will give a deflection of about 17 in. on the U-tube, using a liquid 
of 1.25 specific gravity. The maximum consumption would not 
be likely to cause a velocity great enough to blow the liquid out 
of the tube, and the minimum consumption would cause a fairly 
high deflection. When the district is first gauged, a velocity 
higher than the above will probably be recorded ,and a heavier 
liquid might have to be used. The idea behind choosing a main 
of this size is to ensure a deflection high enough to give an 
accurate measurement of the flow when all leaks have been 
stopped. 

It is necessary that those entrusted with waste reduction should 
become thoroughly acquainted with the conditions that exist in 
the various districts. The population and how it is distributed, 
and whether the area is industrial or residential, must be known 
in order to determine what quantity of water would be sufficient 
for its needs. 

If the survey being made is an original one, a 48-hour record 
should be taken, including a Sunday if possible. Very careful 
records should be kept of all flows recorded and work done, and 
of any peculiar or unusual conditions that may be found to exist, 
as this information- will, without doubt, be of great assistance in 
later surveys. Weather conditions and any circumstances which 
might affect the consumption of water should be noted. 

When the flow is to be gauged, the district is cut off from 
the rest of the distribution system by closing all the valves on 
the boundaries, excepting on the pipe to which the instrument 1s 
connected. To make sure that the valves are holding properly, 
and that no water is getting in, either through them or through 
services that may be joined up inside buildings and connected to 
mains on both sides of a boundary, the main feeding the area 
enclosed should be closed and a hydrant at the highest point 
within the boundaries opened. If the hydrant is not off, the point 
at which the water gets into the district must be located, and 
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the flow stopped. When it is assured that the whole supply 

sses through the main to which the instrument is connected, 
the district is ready for the taking of the record. Precautions 
should be taken to prevent street flushers drawing water from 
hydrants located within the district boundaries while the record 
is being taken. It is advisable also, to have a man with a valve 
key stationed at a fire hall either in or convenient to the enclosed 
area, so that valves could be opened with as little delay as possi- 
ble in the event of a fire breaking out. If a fire occurs in a 
district while the flow is being recorded, the record will be 
ruined, and opening the boundary valves cannot make it any 
wae record taken indicates that an excessive amount of water 
passes the gauging point, and that the flow remains high during 
the hours in which very little water would be used, the district 
should be sub-divided. For subdivision purposes the mechanism 
revolving the drum of the pitometer is geared to complete a 
revolution of the drum in twelve hours. This will give a move- 
ment of an eighth of an inch in five minutes. ; 

One method of sub-dividing is to divide the whole district into 
sections as small as the spacing of the valves will permit, and 
then closing a section down for a short period (at least five 
minutes) and re-opening it, and repeating this operation with 
other sections, until all have been shut down. Another method 
is to start at the boundaries and work towards the instrument, 
gradually reducing the size of the district, and as the new 
boundary valves are closed, the old ones are opened. The 
method used will depend on the conditions that exist in the 
district. With either method, the time each shutdown is com- 
pleted must be noted. It is important that all valve operations 
should be checked over before leaving the district, to make sure 
that no valves are left closed. 


Locating the Leaks 


When the subdivision record has been interpreted we will 
know the quantity of water each section of the district received. 
The sections that receive excessive quantities should be carefully 
gone over and the reason for the large flow ascertained. It is a 
good idea to have a plumbing inspector make a special examina- 
tion of the fixtures in all buildings in these areas. If this in- 
spection fails to account for the flow, it is assumed that the 
cause is underground leakage. 

There are a number of methods usually employed to give the 
exact location of underground leakage. The one most generally 
used, and the one by which a great majority of leaks are found, 
is by sounding. There are a number of instruments on the mar- 
ket devised to help in picking up sounds, and those that I have 
used have proven of great assistance. The procedure is to sound 
all the valves, hydrants and services in the suspected area, and 
sometimes it is possible to get closer to the source by driving 
rods down to the main. It is remarkable what an experienced 
man can accomplish by sounding. In a great many cases he can 
not only tell where the leak is, but its nature—whether it is a 
blown joint, a split main, or a burst service pipe. 

There are, however, a number of cases in which the sounds 

picked up are confusing. Where there are two or more leaks 
close enough together for the sounds to overlap, it is difficult to 
isolate the sound from one leak and trace it to its source. Leaks 
that discharge under water produce a sound that is often mis- 
leading. Then there is the abandoned service that has not been 
properly blanked at the main. 
_ Other methods used in conjunction with sounding include test- 
ing the pressure at different points until the point of minimum 
pressure is located; noting the flow in sewers at the manholes; 
pounding the road surfaces to endeavor to locate cavities beneath 
the pavement, and searching in cellars and excavations for 
dampness. 

_Ifthe above expedients fail to locate the leak, the primitive of 
digging is resorted to. It is quite probable that the first hole put 
down will not be in the right place, but from the conditions that 
exist at this point, a second hols is usually all that is necessary. 
Water appearing any place should be looked on as a possible 


leak, if the reason for its appearance is not apparent. The fol- 
lowing is offered as an illustration: Some years ago, this city 
had a serious epidemic of typhoid fever. Water from any source 
other than the city mains was in great demand. During this 
time the writer noticed people drawing water from what ap- 
peared to be a spring located at the bottom of a hill. Those 
familiar with the locality insisted that this spring had always 
been there, and the city had had a sewer installed to carry off the 
overflow from it. A sample of the water was analyzed and the 
analysis showing that the water was very similar to that supplied 
by the city, the area in the vicinity of the spring was examined. 
At the top of the hill a 2-in. service that had been installed some 
thirty-odd years previously, was found to be running full bore. 
This was stopped and the “spring” immediately dried up. 


Other Duties of Waste Reduction Department 


In addition to the work outlined above, it is the duty of the de- 
partment in charge of waste reduction to attend to all cases of 
flooding of cellars. The first thing to be done in these cases is 
to find whether or not the water department is responsible. In 
most cases a test of the electrical conductivity of a sample of 
the water is sufficient to decide. If the result of this test is not 
conclusive, an analysis of the water is made, and if it shows 
that the water comes from the mains, the leak is located by one 
of the methods mentioned above. 


When serious breaks occur in the distribution system they 
usually give plenty of surface indication as to their locality. 
These are attended to by the trouble department. Bad breaks 
do occur without giving such indication, however, and these are 
followed up by the waste-reduction department. In such cases, 
the department first gets in touch with all the fire halls in the 
city, each of which has a pressure gauge installed, to find if 
possible an area in which the pressure has dropped. If no indi- 
cation is given in this way, men are sent out to go over those 
parts of the system where it would be possible for the water 
from such a break to escape without surface indication. To 
know where to send the men requires an intimate knowledge of 
sub-surface conditions throughout the city. Pipes crossing water- 
ways and mains in rocky sections through which large sewer or 
other excavations have been cut, should be sounded, and if the 
leak still remains unlocated, short readings of the flow to dis- 
tricts is resorted to. 





Blotting Out Waste 


Safe Water What Leaks May Cost 
delivered night and day Ta Ser See ae 
Costs Less ze 
47,600 1,451,800 $156.21 
than anything else you buy ‘ . 
oe but e- 


yy" 12,300 375,150 60.05 
Don’t Ignore O 
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1 
Satisfied customers are worth 16 °o 
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secured from water uselessly 1 
passing through meters. a 


3,200 97,600 19.65 


860 26,230 6.35 


‘ 215 6,550 +=-:1.97 


( Above estimates ave based on Indianapolis 
Pressure without allowance for friction ) 





INDIANAPOLIS WATER CoO. 


The above is a reproduction of the top side of a litt!e blotter 
sent out to customers, reminding them of the high cost of allow- 
ing fixture leaks to persist. If as good at blotting waste as ink, 
the scheme is praiseworthy. 

Incidentally, the Indianapolis Water Company gets in a good 
public-relations message about satisfied customers being worth 
more to them than the added revenue from the uselessly metered 
wastage. 
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MAINTENANCE OF VALVES AND HYDRANTS 


By CARL A. HECHMER* 
Hyattsville, Md. 


It is surprising, especially in small towns and villages, how 
little attention is given the maintenance of gate valves and fire 
hydrants on their water systems. The need of good engineering 
advice and design is recognized and is compulsory in almost 
every state. Practically every state health department has a 
law compelling the submission of plans for approval before a 
water system can be built. The question of good materials is 
also generally given the utmost consideration and the best valves 
and hydrants obtainable, in the judgment of those in charge, are 
purchased and put into the water system. In many instances they 
are promptly forgotten until an emergency arises and quick, sure 
operation is necessary. Unless valves and hydrants are given 
regular attention and properly maintained, the water works 
superintendent has no assurance that they will function properly. 
This fact applies to any make of valve or hydrant or to any 
other mechanical device or piece of machinery. Unfairly, the 
failure reflects on the designing engineer or the manufacturer 
of the material, and the local department is given a clean bill of 
health. 


Valves 


All valves on a water distribution system should be inspected 
once each year. This is the minimum requirement of the Fire 
Underwriters’ Association. However, semi-annual inspection is 
advisable, if finances will allow it. Not only will the mechanical 
condition of the valve be assured, but valve boxes covered by 
paving material or earth will be located and reset ready for 
immediate operation in emergency. This is especially true in rural 
and suburban sections with a large percentage of unpaved streets. 
When a large leak occurs, excitement prevails and considerable 
time may be lost in locating a valve box. Occasionally a large 
stone or stones are found down in valve boxes and these con- 
ditions are revealed on inspection and removed. In case the 
valve has to be dug up, uncovering the valve, it is advisable to 
install new packing in the packing gland, which will prevent 
digging it up for repacking for a long time. Always repack a 
valve when it is uncovered for any repairs. Packing is cheap 
and easily installed while the valve is exposed. To dig up a 
valve just to stop a packing leak is an expensive cperation. 
Inspection also locates valves which were carelessly or acci- 
dentally left closed. Any water distribution system is weakened 
by gate valves being closed when they should be cpen. 


How a Valve Inspection Should Be Made 


In addition to the box inspection, a valve inspection should pro- 
ceed as follows: First set the valve key on the valve nut pre- 
paratory to turning the stem. Pour a small quantity of kerosene 
or diluted automobile crankcase drainings down the valve key 
stem. The oil will run down the key to the operating nut, thence 
to the valve stem and lubricate the valve stem against the pack- 
ing gland. Finding its way into the packing gland, the packing 
will be softened and revived. Then operate the valve up and 
down several times, bringing the gate down into the groove hard 
each time and then opening the valve about one-quarter way. 
Valve troubles, preventing complete shutdown, are usually caused 
by the accumulation of sediment under the seat. Each time the 
gate is pushed down into the groove a small portion of this 
sediment is pushed out the sides. The high velocity of the water 
through the partly opened valve removes what is pushed out 
and the operation is repeated until the groove is sufficiently 
cleaned to allow the gate to seat properly. This procedure is 
especially recommended when valves fail to hold when attempt- 
ing a shutdown. Of course, if the groove is filled with large 
stones or jointing material, the valve must be dug up and taken 
apart for repairs. The writer once operated a 16-inch valve up 
and down thirty times and secured a perfectly tight shutdown. 
The valve had not been operated for a long time, having been 
declared worn out, since it always allowed a large volume of 
water to pass with the gate turned down hard with levers on 
the key. 

In onerating the valve a check should be made of the number 
of turns on the stem. Generally, for the same size and make of 
valve, the number of turns to close or open the valve completely 
is the same, and a check can be made to see if the stem is bent, 
preventing the valve from completely closing or opening. Either 


condition should be corrected, as partly open valves weaken the 
system and, obviously, partly closed valves will not shut off the 
water. 

If the valve stem can be turned around and around with no 
apparent effect on the gate, the stem is broken and must be 
repaired. 

Geared valves, usually set in manholes, must be given special 
attention on inspection. The gears should be cleaned with a wire 
brush and greased with a light clinging grease. The stuffing box 
should, of course, be examined, and the by-pass valve should 
receive the same attention as the smaller valves on the distribu- 
tion system. 


Fire Hydrants 


Proper care in the installation of a fire hydrant is necessary 
and makes maintenance less expensive. Proper drainage of the 
hydrant barrel after the main valve is closed is essential to pre- 
vent freezing of the hydrant in northern climates. The best 
method is to provide a bed of crushed stone or gravel around 
the bottom of the hydrant. The amount of stone necessary js 
dependent on the nature of the soil. In loose sandy soils a much 
smaller drainage bed can be provided than in a clay soil that 
absorbs water very slowly. A safe margin is to provide sufficient 
area to allow the drainage of an amount of water equal to twice 
the contents of the hydrant barrel. Connections are often made 
direct from the hydrant drain valve to the sewer. However, 
there are two serious objections, first, the cost and, second the 
direct connection between a sewerage system and a domestic water 
supply, even though the possibility of contamination reaching 
the water in the mains is remote. Generally water mains are 
laid on one side of the street and sewers on the other. Hydrants 
are installed at the curb on the same side as the water mains to 
shorten the length of the lead. To connect each hydrant drain 
across the street to the sewer would prove much more expensive 
than providing a stone drainage bed. 

Fire hydrants must be inspected at least twice each year, in 
the spring and fall. Four inspections annually should be made, 
if possible, and this number of inspections is advocated by the 
Fire Underwriters’ Association. In high value districts, weekly 
inspections are often made during extremely cold weather. Ar- 
rangements should be made between the water department, the 
fire department and any other possible users of hydrants to 
report to the water department immediately after using a hydrant 
during freezing weather and an immediate inspection made to 
insure the good condition of the hydrant. Use of hydrants by 
private individuals or contractors should be allowed only by 
special permit, and the daily charge made high enough to 
permit daily inspection during freezing weather. During mild 
weather the inspection charge can be reduced, as weekly inspec- 
tions are sufficient. 

Valuable data may be secured by the fire hydrant inspection 
by measuring the static pressure, the residual pressure with one 
nozzle open, and the flow of water from the hydrant. [See artitcle 
on making hydrant flow tests (Wilson) elsewhere in this issue— 
Ed.] Weak points on the distribution system can thus be deter- 
mined and improvements due to new installation readily noted. 
System weakness due to unknown closed valves is also discovered 
and can be corrected. 


Procedure for Making a Hydrant Inspection 


The following procedure is suggested for making a hydrant 
inspection : 

First make a physical examination of the hydrant, noting the 
condition of the ‘operating nut, the nozzle caps and chains, and 
the general appearance of the hydrant. Then listen for leakage 
with an aquaphone placed on the operating nut. Then with the 
nozzle caps on tight open the hydrant valve. If static pressure 
readings are to be taken, replace one of the nozzle caps with one 
connected to a pressure gauge. Note if all the nozzles are tight 
in the hydrant and whether the drain valve has closed properly. 
If the drain valve has not closed water will appear around the 
barrel of the hydrant on the outside. Then close the main 
hydrant valve and take off one of the nozzle caps. Observe the 
rate of drainage of the barrel to determine whether any obstruc- 


~ *Engineer of Distribution, Washington Sanitary District. 
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tion has entered the drain valve. To clean the drain valve replace 
the nozzle cap and crack the main valve. As it requires about 
three full turns open on the main valve to completely close the 
drain valve on most makes of fire hydrants, the latter is still 
open on two turns. The full pressure of the water in the hydrant 
generally will push out any obstruction in the drain hole and the 
jet effect of the water through the hole will cut away the stone 
cr earth which has packed around the outside. This simple 
remedy will eliminate the necessity of digging up the hydrant, 
in most cases, to correct drainage troubles. 

With one nozzle cap off, open the hydrant and thoroughly 
flush out the water in the lead. At this time the observation of 
residual pressure and rate of flow should be made. Then close 
down the hydrant slowly. If the hydrant fails to close off 
entirely, the trouble is probably being caused by an obstruction 
under the main valve. Do not put extra leverage on the hydrant 
wrench, but open the hydrant up again and then close it, repeat- 
ing the operation several times. Do not attempt to close down 
beyond the point where the obstruction prevents the main valve 
from seatinz properly, as the obstruction will become embedded 
in the main valve and connot be flushed off, or the valve seat will 
be damaged. Both valve and valve seat are damaged by attempts 
to force closing against obstructions. Foreign matter can gener- 
ally be dislodged by flushing and it is then not necessary to 
dismantle the hydrant. 

After the hydrant is closed and the rate of drainage checked, 
the stem should be oiled and the nozzles greased with a graphite 
grease. This kind of grease will not wash off and it prevents the 
nozzle caps from sticking. 






Inspection Records 


Record of the inspection should be kept on a field sheet. The 
location of the hydrants to be inspected can be entered on the 
sheet in the office. These will allow correct routing and pre- 
vent skipping any hydrants. The information on the field inspec- 
tion sheets can then be transferred to a permanent record card 
in the office. A card should be in the file for each hydrant, 
stating the size, make of hydrant, and information regarding 
pressure at the hydrant. The date of each inspection should be 
entered on the card together with the observed pressures and 
rate of flow. Necessary repairs and their costs can also be 
recorded on the card and a history of each individual hydrant is 
easily obtained. 

For quick reference the following is suggested: Use a map 
of the water system mounted on wall board with a push pin to 
denote the location of each hydrant. The color of the pin can 
show the condition of the hydrant as reported daily by the 
hydrant inspectors and the repair foreman. Use a blue pin for 
a hydrant in good condition, a black pin for a hydrant in need 
of minor repairs but not out of service, and a red pin for a 
hydrant out of service. Then when an inspector reports a hydrant 
out of service it is possible to tell at a glance whether the 
hydrants around it are in good condition. If several makes of 
hydrants are in use, it is an advantage to know the make of hy- 
drant before sending out a repair gang so the proper parts can be 
carried along. By using a small round colored disc under each 
push pin it is possible to determine at a glance the make of each 
hydrant, a different color being used for each make of hydrant. 





Loss of Head Through Valves and Fittings 
(Burns and McDonnell) 
To determine loss of head—Assume flow (Q) to be 5 cu. ft. 


sec. through a fitting of 12 inch diameter. From Q—AV the 
velocity (V) =6.4 ft. per sec. From the chart, velocity head 


70 


2 


V 
—=0.7 ft. Applied to 90 degree bend head loss is 0.25 x 0.7 
2g 
= 0.18 ft. For a tee 1.25 x 7 = 0.87 ft. 

(Note—Recent correspondence with the producers of this 
chart cites valves for check valves far in excess of the 0.5 in- 
dicated.—Ed. ) 
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HYDRANT DISCHARGE MEASUREMENTS 


Practical Methods of Making Measurements; Computing and Applying Results 
By P. S. WILSON 


Water Works Consultant, Glen Ridge, 


The measurement of the discharge or flow from fire hydrants 
is a common procedure for engineers engaged in testing the fire 
fighting capacity of a water system. The fact is frequently over- 
looked that such measurements may also be very usefully ap- 
plied to many other vital problems with which the operator of 
a water supply system is regularly confronted. It is likewise not 
always. realized that this work may be performed with but a 
small expense for equipment and without the need for special 
technical training. 

Actual measurements of the flows taking place in a water 
distribution system may furnish extremely valuable information 
to the water works operators. A water distribution system is 
different from most of the equipment with which other business 
is conducted. It is buried underground and is not subject to 
ready inspection. The greater portion of it has not been seen 
for a generation or more. Its present operator has never seen 
most of it and almost all he knows of it is what he has been 
told second or third hand or what he learns from maps and 
records which are in many cases woefully deficient. What in- 
formation he does obtain about his system is mostly history,— 
what it was when it was last seen, years before, not what it is 
now. It is on account of these conditions that actual tests and 
measurements are of such great value. One can authorize for a 
long time as to whether a certain valve is open or shut and one 
may even operate the valve one way or another and still not 
know much more than before. But if the water in proper quan- 
tity flows through that valve and evidences itself on the other 
side, then the question is settled and there is no more possibility 
for argument. 

There are two principal methods of making field measure- 
ments of the flows in water distribution systems. One of these 
is by means of the Pitot orifice tube inserted through a cor- 
poration cock in the side of a main. Such measurements when 
properly applied are of inestimable value. However, a method, 
of making tests, which is more readily available to the average 
operator, involves the measurement of hydrant discharges and 
less time, expense, and equipment are necessary therefore. Meas- 
urements so made are not, of course, a complete substitute for 
Pitot measurements in the pipes, but in many cases they may 
suffice in themselves to answer the questions at hand. Even iif 
they do not, they always form a valuable guide and adjunct in 
the making of further and more elaborate tests, if these are later 
found necessary. 


Methods of Measuring Hydrant Discharge 


Measurements of the discharge from an ordinary fire hydrant 
with sufficient accuracy for most practical purposes is not diffi- 
cult. By the exercise of care and good judgment, results may be 
obtained within fairly close limits of accuracy. Rough and 
ready methods are for the most part amply sufficient, since, 
for the purposes usually involved, the conclusions arrived at 
would not be changed by a variation of five or ten per cent one 
way or the other in the test results. Some of the rather approx- 
imate methods to be given must be judged with this fact in 
mind. 

The discharge from a hydrant nozzle is determined from the 
size or cross sectional area of the emerging stream and from 
the average velocity of that stream. From these two figures 
the discharge may readily be computed or may be directly read 
from tables or diagrams such as those appended to this article. 

Measuring Nossle Diameter—Observation of flow from hy- 
drant nozzles shows that it completely fills the nozzle, as a gen- 
eral rule. Therefore, a simple measurement of the internal di- 
ameter of the hydrant nozzle serves to make known the diameter 
of the stream of water. The entrance to the nozzle from within 
the barrel may occasionally (particularly in some old styles of 
hydrants, and hydrants with independently gated nozzles) be 
sharp enough to cause the emerging stream to be contracted 
slightly below the size of the nozzle and if such an effect is 


noted it should be allowed for in the diameter used. The in- 
ternal diameter of each nozzle used should be carefully meas- 
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Methods of Determining Velocity of Nozzle Discharge. 


Two 
(Gage on Pitot Tube Held in Stream and Gage, Indicating Bar- 


rel Pressure, Show Practically Same Readings) 
Hydrant Pitot Tube with Gage at Right 


ured to the nearest one-sixteenth of an inch. An ordinary car- 
penter’s rule is satisfactory for this purpose. 

Determining Stream Velocity—The average velocity of the 
emerging stream of water may be determined in either of two 
ways. The most common method is by the use of a hydrant 
Pitot tube which may be inserted into the stream and which 
transforms the velocity head of the stream into the equivalent 
pressure head and registers it on an attached pressure gage. 
This instrument is here pictured. It consists of a hollow blade 
or “cut-water,” shaped so that it may be thrust into the stream 
without unduly deflecting it. At the end of the blade is a small 
opening which points directly against the flowing water. The 
force of the stream striking into this opening creates a pressure 
in it which is transmitted through the hollow blade and handle 
to the pressure gage. The gage is an ordinary good pressure 
gage, except that it should be graduated to read more closely 
than most gages. The gage most frequently used is graduated 
every pound and only reads up to about fifty pounds per square 
inch pressure. It must be a good grade of gage to maintain 
its accuracy with such close reading. For some purposes it is 
of value to have a very low pressure gage graduated to half 
pounds. Sometimes the Pitot tube and the gage are held in 
place in the stream by a device which clamps over the outside 
of the nozzle. This device is not ordinarily considered neces- 
sary, however, and its use results in greater damage to the 
Pitot tube if struck by a stone or other object carried by the 
water. The edges of the blade and the small orifice into it must 
be kept sharp and symmetrically shaped or the accuracy of the 
instrument will be seriously affected. 

In use, the Pitot. tube is held in the stream and the pressure 
read while the small orifice is held at the center of the stream 
and pointing directly against the flow. Occasionally on large 
nozzles it is advisable to take a rough average of the pressures 
across the stream at different points horizontally and vertically. 
In most cases the pressure at the center will be found to be 
practically the average. In no case should the pressure very 
near the edge (within about one-fourth inch) be considered. 
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The other method of determining the velocity of the stream, 
and one which has been occasionally found more convenient by 
the writer, consists merely in placing on one of the hydrant 
nozzles a cap having an ordinary pressure gage tapped into it 
then allow the discharge to take place through the other nozzles. 
Due to the free discharge from the nozzles, practically all of 
the pressure head remaining in the barrel during the flow is 
transformed into velocity head in the jets. Since that is prac- 
tically the only source of velocity head in the jets, the ordi- 
nary pressure gage indicating the pressure in the barrel will 
read substantially the same as a gage on a Pitot tube held in 
a jet. This fact may be readily confirmed by trial. In this way 
the discharge of a_ hydrant may be measured with fair accu- 
racy, without the Pitot tube, merely by the use of a pressure 
gage, the gage reading being used to compute the discharge in 
the same manner as if it were a Pitot tube reading. _The same 
type of gage should be used for this method as described above 
for the Pitot tube. Any pressure gage may be used, however, 
the accuracy of the results depending upon the accuracy of the 
gage and the closeness of the graduations and readings. 

An accompanying illustration shows a Pitot tube with gage 
being held in the stream from one hydrant nozzle while a pres- 
sure gage on the other nozzle is at the same time indicating the 
pressure in the barrel. This illustrates the two methods of de- 
termining the velocity head of the stream. Unfortunately the 
photograph does not make it possible to see what the gages 
are reading; actually they show the same—I18 pounds per square 
inch. In using the Pitot at low velocities, where a quarter 
pound makes an appreciable difference, the instrument should 
be held horizontally so that the pressure gage will be at the 
same elevation as the nozzle. 

With the same accuracy of gage reading the only inaccura- 
cies in the second method as compared with the use of the 
Pitot tube are in the fact that there is a slight loss of head in 
entering and flowing through the nozzle and in the assumption 
that the velocity head in the barrel at the point of pressure 
reading is zero. This latter assumption is justified because the 
velocity in the barrel is low compared to that in the jet and 
the pressure reading is taken opposite or above the other noz- 
zles which are discharging. In any case, as before mentioned, 
trial will show that the results are in general substantially the 
same for both methods. If the hydrant Pitot tube is at hand, 
its use is best and most convenient; the availability of the other 
method, however, should always be borne in mind. 

The pressure gage on one nozzle, of course, prevents the use 
of that nozzle for the discharge of water. This is not always 
a disadvantage, however, particularly when the hydrant is 
equipped with a steamer nozzle which may be used for attach- 
ing the gage. 

A fact which may readily be perceived from the foregoing is 
that, when measuring the velocity with a Pitot tube, readings 
need only be taken (except as a check) in one of several noz- 
zes discharging simultaneously because readings in all of the 
nozzle streams should be practically alike. 


Computation of the Flow 


By the measurement of the nozzle diameter we now have 
obtained the diameter of the stream of water, and from the pres- 
sure gage reading we have obtained a figure which bears a 
known relation to the velocity of the stream. The formula for 
the discharge may now be readily derived from the fact that: 

Discharge = (area of stream) X (average velocity) 

If d = the internal diameter of the hydrant nozzle in inches, 
then, using the formula for the area of a circle, the area of the 

3.14xd? 
stream is ———— square inches. For convenience in computing, 
4 


this is divided by 144—the resulting formula being 0.00545xd? to 
obtain the area of the stream in square feet. 

The pressure gage reading, in pounds per square inch (p) is 
changed to feet of water head by multiplying it by 2.31. A 
fundamental hydraulic formula states that the velocity of the 
stream of water is equal to the square root of the pressure head 
multiplied by the square root of two times the acceleration of 
a falling body, due to gravity. This latter (g) is a constant 
and is equal to 32.2 in foot and second units. Therefore: 

(a) Velocity of the stream in feet per second = 

V2.31 X pX V2X322=122X vp 
(b) Discharge in cubic feet per second = a 
0.00545 X d? X 12.2 X Vp = 0.0665 X d? x Vp 

(c) Discharge in gallons per minute = 

29.9 x d?X Vp 









The velocity of the stream of water as determined by either 
of the two methods described does not take into account the very 
low velocity of the stream around the edges where it is held back 
by its contact (friction) with the nozzle. To make allowance 
for this, as well as to allow for a possible slight contraction of 
the jet, it is necessary to make use of a coefficient in computing 
the results. This coefficient has been determined experimentally 
by checking hydrant flow measurements against other and more 
accurate means of metering the flow. The coefficient should, 
theoretically, be different for different hydrants, but it is suffi- 
ciently accurate for the purposes and means of measurement 
under discussion to use an average figure which has been found 
by experiment to be about correct for most cases. The figure 
most generally used is 0.90 and thus the formula derived above 
is modified as follows: 

(d) Discharge in gallons per minute = 

0.90 X 29.9 X d? X Vp= 26.9 x d’X Vp 

For convenience the 26.9 may be rounded off to an even 27 
without introducing an error of importance, resulting in the com- 
pleted formula: 

(e) Discharge in gallons per minute = 

27x dX Vp 
in which d= diameter of nozzle in inches and, p= gage read- 
ing in lbs. per sq. inch. 


The Advantage of Tables and Charts 


From this formula tables may be constructed in which the dis- 
charge is given for each combination of diameter of nozzle and 
Pitot pressure head and from which the result of the measure- 
ment may therefore be read directly without computation. A 
specimen is shown in Table 1. The discharges in this table are 
given to the nearest ten gallons per minute. Tables may be made 
up very conveniently to fit in field note books. For special pur- 
poses they may be abbreviated or enlarged either in range or in 
closeness of reading. 

Another method of handling the formula is by the use of dia- 
grams. A particularly convenient form for such a diagram, 
which the author has never seen in use elsewhere, accompanies 
this article. In this diagram measurements horizontally from 
the origin or zero are proportional to the square root of the Pitot 
pressure head, Vp. Measurements vertically are proportional to 
the discharge of the hydrant nozzle in gallons per minute. An 
inclined straight line passing through the origin then represents 
each value of the nozzle diameter, (d). A heavy line is drawn 
for each size of nozzle in use using the theoretically correct 
value of d,—for example 2%4 inches for an ordinary hose nozzle. 
Light lines are then drawn on the diagram below and above the 
first ones representing %-inch undersize and oversize of each 
nozzle. From these three lines values for each 1/16 to %4-inch 
under and over the nominal sizes may readily be read on the 


TABLE 1—HYDRANT DISCHARGE* 
Gallons per minute = 27d? V/V p 
Gage Reading—Hoze —— diameter in — {d] 


fe rs F 25% 

eee 70 80 80 80 90 90 
Riki 100 110 110 120 120 130 
iets 120 130 140 150 150 160 

Tape Bawah 140 150 160 170 180 190 
A radaaneeats 160 170 180 190 200 210 
| Sppaeiede 180 190 200 210 220 230 
"ieee 190 200 210 220 230 250 
2°)... 25 l300 210 230 240 250 260 
pee 230 240 250 270 280 290 
ppteargicn 250 260 280 290 310 320 
Seah 270 280 300 320 330 350 
pitas 290 300 320 340 350 370 
etait 320 340 360 380 390 
ect ie 320 340 360 380 400 420 
5%... 2.11340 360 380 400 420 440 
Step y’ 350 370 390 410 430 460 

rT iphoto 370 390 410 430 450 470 
patios 380 400 420 450 470 490 
NS paaeha 400 420 440 460 490 510 
gg bap pe 410 430 450 480 500 530 
NS. 420 440 470 490 520 540 
pines 430 460 480 510 530 560 
Wesel 440 470 490 520 550 570 
astra 460 480 510 530 560 590 
 Pleeepitie 480 510 530 560 590 620 
12 2.../55500 530 560 590 610 850 
 adeaedies 550 580 610 640 670 
tae: 540 570 600 630 660 700 
ee 5. 4, 560 590 620 650 690 720 
6... 610 640 670 710 740 
Rs lateeeserte s 600 630 660 700 730 770 
| Reser > 610 650 680 720 750 790 
 Bieteter 630 660 700 700 770 810 
> Stare 640 680 720 750 790 830 
 Siatirbe. 680 710 750 790 830 870 
Re pace: 710 750 790 830 870 910 
 Riperatine 740 780 820 860 900 950 
_ ee 780 810 850 890 940 980 
ie 790 830 880 920 970 1020 


*Discharges shown to nearest 10 gals. per min. 
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DISCHARGE OF NOZZLE {Q)} GALLONS PER MINUTE 








PRESSURE HEAD-(P)-POUNDS PER SQ.INCH 
(AS INDICATED BY PRESSURE GAGE ON PITOT OR ON CLOSED wozzie) 


HYDRANT 0} RGE 
(Q=27.4'¥p 


Water 
this Chart Having Been Prepared by the Author 
While Connected with the Company) 


Hydrant Discharge Diagram. (Courtesy, Community 


Service Co.; 


diagram. This covers the usual variation of the nozzles. It is 
to be noted that the horizontal distances on the diagram are not 
directly proportional to the pressures but to the square roots of 
the pressures. “This results in uneven spacing of the figures, but 
by so constructing the diagram the lines representing the nozzle 
diameters may be drawn straight, whereas otherwise they would 
be curved. The uneven spacing of the pressure lines makes 
accurate interpolation difficult, and therefore enough lines are 
drawn on the diagram to make this unnecessary. Having made 
a discharge measurement this diagram is used as follows: Pick 
the vertical line representing the Pitot pressure reading, follow 
it up or down to where it crosses the line representing the actual 
measured internal diameter of the nozzle, estimating where that 
line would be if the correct one is not on the diagram. Then 
follow the horizontal lines to right or left and read the discharge 
on the vertical scale. 


A Few Comments 


A careful study of the formula and the tables and diagrams 
leads to a number of important observations on the carrying on 
of this work. When the Pitot pressure reading is low, a slight 
difference in the reading will result in a very large percentage 
difference in the result, whereas at higher pressures a half pound 
or even a pound does not make much difference. For instance 
the difference between 1 and 2 pounds per square inch makes 
about 40 per cent difference in the discharge while the difference 
between 10 and 11 pounds per square inch makes only about 5 
per cent difference. This fact is the reason for making the pres- 
sure differences in the table and diagram smaller in the lower 
range. It also indicates the necessity for making very careful 
Pitot pressure determinations in the field, particularly at low 
pressures. Gages should be closely graduated as before men- 
tioned and should have at least three inch dials. On particular 
work they should be calibrated with a dead weight tester before 
and after using and corrections applied to the readings if neces- 
sary. Gages should be handled gently and with care so as to 
maintain their accuracy. Since they will probably not read as 
high as the static pressure in the mains, care. should be taken 
when taking pressures on a closed nozzle not to subject them to 
too much pressure. Other gages must, of course, be provided 
for taking the direct main pressures. 

Emphasis must be placed on the necessity for keeping the con- 
nections between the Pitot blade and the pressure gage abso- 
lutely tight. A very slight leak, in fact only a drip which in the 
general splashing may not be noticed, is sufficient to make the 
reading considerably in error. The connections should be made 
up tightly with wrenches and should not be loosened in order to 
turn the gage into a more convenient position. 

It will be noted that a 1/16-inch difference in the diameter of 
the nozzle makes a much greater percentage difference at high 


discharges than at low ones. This is the opposite from the effect 
of the pressures. In spite of this it will usually result in greater 
accuracy to use as few and as small nozzles as possible in a 
measurement. The use of steamer nozzles is advised only on 
work where approximate results would be satisfactory. Further 
experiments may show that a slightly different coefficient should 
be used in computing the discharge of the larger sizes of nozzles, 


Fire Flow Tests 


The making of fire flow tests is the most obvious use to which 
hydrant flow measurements may be put. Such tests consist in 
the determination of what amount of water is available at a 
given hydrant, or at a given group of hydrants, for use by the 
fire department. This test is the one usually made by the en- 
gineers of the National Board of Fire Underwriters in rating a 
system for fire protection. So much has been written on such 
tests that they need be only mentioned here. Simultaneous read- 
ings are taken on as many hydrants in a group as are needed in 
order to develop the capacity of the system. At the same time 
a record is kept at an adjacent hydrant (not discharging), of 
the residual pressure. From a set of such readings the discharge 
capacity of the system at that point with any residual pressure 
may be known. 

The residual pressure mentioned above is the pressure remain- 
ing in the mains during the time that a flow test is taking place. 
This pressure is determined by the readings of a pressure gage 
attached to a hydrant which is not discharging but which jis 
located close by and, if possible, on the side opposite to the direc- 
tion from which the flow is coming. The actual capacity of the 
distribution system at a given point is usually considered to be 
the discharge with the residual pressure drawn down to some 
stated figure. By this method the results of flow tests at differ- 
ent points and on different systems are made comparable. When 
fire engine pumpers are to be used then the maximum capacity 
of the system may be considered as the discharge with the re- 
sidual pressure drawn down to 20 lbs. per sq. in. If reliance is 
placed on direct hydrant pressure for the hose streams then the 
residual pressure can not be drawn down nearly so low and the 
maximum capacity of the system at such higher residual pres- 
sures. will be less. Sometimes the capacity of a system is re- 
ferred to as the discharge with a drop in pressure of 20 Ibs. per 
sq. in., in other words, with a residual pressure 20 lbs. per sq. in, 
less than the original pressure before the hydrants were opened. 
This will usually be a very different figure from the capacity at 
20 Ibs. per sq. in. minimum residual pressure. 

It is usually difficult or impossible to make a flow measure- 
ment at exactly the rate of discharge which will result in the 
residual pressure desired. It is customary, therefore, to make 
the measurement at some rate of discharge as near as convenient 
to that producing the effect desired and then to compute what 
the discharge would have been at the residual pressure desired. 
This may be done by applying the fact that the discharge is 
approximately proportional to the square root of the drop in 
pressure. 

If, for example, the original pressure in the mains before open- 
ing the hvdrants had been 56 lbs. per sq. in., and the residual 
pressure during a flow of 2680 gallons per minute had been 32 
Ibs. per sq. in., then the drop in pressure during that flow was 
24 Ibs. per sq. in. Suppose now that it were desired to know in 
this example what the discharge would have been with a residual 
pressure of 20 Ibs. per sq. in. The drop in pressure in that case 
would have been 36 Ibs. per sq. in. It is then merely necessary 
to multiply the measured discharge (2680 gal. per min.) by the 
sauare root of 36 (which is 6.0) and divide by the square root 
of 24 (which is 4.9). 

2680 x 6.0 

———-—— = 3280 gal. per min. which would have been the 


discharge at 20 lbs. per sq. in. residual pressure. 

If Q;, is the measured discharge with a drop in pressure .of 
D,; and, Q: is the discharge which would have taken place with 
a drop in pressufe of D. then the above method may be stated in 
a general formula as follows: 

VD. 


Q:=Q, X 


This method, as stated before, is only approximate and it 
should not be considered very reliable if the drop in pressure at 
the measured discharge is very greatly different from the drop 
in pressure desired. The method is, however, entirely satisfac- 
tory for most practical purposes. 

Fire flow tests may indicate not only whether the system has 
the desired capacity or not, but they may be amplified to give 
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information as to what work should be done to increase the 
capacity. For example, by taking a record of the pressures in 
the system during the flow test at various points progressing 
back toward the source of supply, it may be conclusively shown 
whether a restriction is in the principal supply mains or whether 
it is in the local mains adjacent to the test. By cutting out 
certain mains during the test still further information may be 
gained as to the actual conditions existing; closed valves or 
other obstructions, defective hydrants, or large leaks may be 
discovered and located. This work opens up a great field for the 
display of ingenuity on the part of the operator since the exact 
procedure is subject to unlimited variation and depends upon the 
arrangement of the particular system under test. 

For further details and information regarding fire flow tests 
the reader is referred to a paper published in the Journal of the 
American Water Works Association, Volume 12, No. 2, October, 
1924, by Mr. George W. Booth. 


Other Uses for Hydrant Flow Measurements 


There are many other varieties of tests, measurements and ex- 
periments which may be performed on a distribution system 
through the use of hydrant discharge measurements. They may 
be used in making determinations of the friction coefficient in 
certain mains of the system. By isolating a stretch of pipe so 
that the feed into it is from one end only,-a flow through it may 
be created which can be measured at its discharge from a 
hydrant or hydrants at the end of the section under test. If 
pressures are taken simultaneously during the flow at interme- 
diate hydrants or other connections of known elevation along 
the main, then, from the data so obtained, the loss of head and 
the friction coefficients of each section may be computed. Ob- 
structions or closed valves may also be located through the un- 
equal drops in pressure in different sections along the line when 
such difficulties exist. 


Such tests are of value in determining the necessity for or 
advisability of cleaning a main and likewise, in determining the 
effectiveness of the cleaning after it has been performed. If they 
are made periodically after cleaning, valuable data will be ob- 
tained as to the speed and degree of the return of roughness in 
the pipe, thereby indicating the true value of the cleaning and 
the advisability of recleaning or of cleaning other mains. Also 
the efficacy of corrosion control procedures will be disclosed and 
the results of changes evaluated. 

In those cases where a company’s records are inaccurate, loss 
of head tests may be quickly made to provide an accurate indica- 
tion of the size of any main which is in doubt. 

When flushing out sediment or other deposits from the pipes 
of a system it is of great value to make a rough check of the 
discharge of the hydrants or blow-offs in use in order to be cer- 
tain that a sufficient velocity has been created in the main or 
mains supplying that point to properly clean them out. From 
4 to 6 feet per second is usually considered the minimum that 
will effectively flush out a main, so that the material remaining 
will cause no further difficulty by being stirred up by normal 
flows. 

It is difficult to foresee all of the benefits which may come of 
making tests such as these on a distribution system. One of the 
greatest benefits is that, no matter what their nature, they will 
ordinarily result in an unusually thoughtful and detailed consid- 
eration of the system on the part of the men who are operating 
it. The effort to interpret and account for results, and the re- 
sulting further tests, will frequently uncover unsuspected condi- 
tions quite different from those which originally suggested the 
tests. 

Acknowledgment—At the request of WATER WorkKs AND SEw- 
ERAGE, the author has revised and added to an article published 
by him (Journal of the A. W. W. A. for July, 1930), on the 
same subject. We believe the practical value of this contribu- 
tion justifies its re-publication—Editor. 








Inclined Diagonal Pipe Runs—Calculating Pipe Lengths 


By CHARLES FRICK 
Darby, Pa. 


Water works men may find the following formulas interest- 
ing and helpful in figuring lengths of pipe and tie rods on in- 
clined diagonal runs. 

The formulas are also useful in finding the approximate angle 
of fitting, theta (@), required (when bell and spigot pipe and 
fittings are used) when the dimensions in three planes have 
been decided upon. 

The evolution of the formulas (see illustration) are also 
given in case the principle of revolution to a vertical plane may 
have further advantages in similar problems. 

The subtraction of the center to end of spigot and center to 
back of bell taken from D gives the true length of pipe re- 
quired. 


Sketch Explanatory of Formulas for Lengths of Pipe for Diagonal 
Runs and Angle of Fittings 


A.—When measurements in three planes are known, then 
D=VA?7+B°+C Formula I 

Vv A? +B 
C 

Example: Let A= 5'6”, B=3'0", C= 14’9” 

Find (8) and length of pipe required on 8” line. 

D = v (5.5)? + (3)? + (14.75)? 

= V 30.25 + 9 + 217.56 = 16.025’ say 16'0” 
V (5.5)? + (3)? =V30.25+49 


14.75 14.75 
V 39.25 6.265 
= = —— = 0.42474 
14.75¢ 1475 
L (6) = 23° + and a one-sixteenth curve may be used. 
Length of pipe = D — (C to E of S. + C to B of B.) 
= 16’0” — (2'1°+-) = 13’11"°— 


L (@)-*" — Formula II 














L (0) —tan — 


| 


B.—When measurements in two planes are known and angle 
of fitting (8) decided upon, then 
D = V A’ + B’ x Csc (0) Formula III 
C = VA?+ B’ x Cot (60) Formula IV 
Example: Let A = 8'0”, B = 9’6", (6) = 45° 
Find—C and length of pipe required on 12” line. 
D= V (8)? + (9.5)? x Cse 45° 














= V 64+ 90.25 x 1.4142 
= 17.56’ = 17'634” 
Length of pipe = D — (C to E of S. + C to B of B.) 
= 176%” — (2'1%") = 15’ 47%" 
C = V(8)* + (9.5)? x Cot 45° 
= V 64 = 90.25 “2 
= 12.42 x 1 = B42’ = 12°5" 


























Sketch Explanatory of Formulas for Lengths of Pipe 
for Diagonal Runs and Angle of Fittings 
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EXPERIENCES IN WATER MAIN CLEANING 


By CHARLES STREITHOF 
Genl. Supt., Dept. of Water Works, Evansville, Ind. 


Before the Indiana Section of the American Water Works As- 
sociation, I had the pleasure of presenting a paper entitled, “In- 
serting Gate Valves Under Pressure.” (See WATER WorRKS AND 
SEWERAGE—June, 1934.) 

After the valve inserting job was completed, having seen the 
condition of our important mains, I felt justified in asking for 
an appropriation, to start cleaning some of the mains. I was able 
to convince our Board of Water Works Trustees of the necessity 
for, and the importance of, this work. It was decided to at least 
clean some of: the larger and older mains; and, a contract was 
made with the National Water Main Cleaning Company of New 
York City, to do the cleaning. 

The cleaning was started on six thousand (6,000) feet of 16- 
inch pipe and was continued until the contract was completed. 
Under the contract a total of 37,956 feet of 12, 16 and 20-inch 
mains were cleaned, and practically restored to their original 
carrying capacities. The results obtained were so gratifying and 
satisfactory that the Water Works Trustees were thoroughly 
convinced of the advisability of continuing this excellent work. 
A second contract was made with the same company to clean 
all mains’ of 10 to 30-inch diameters which had been laid prior 
to filtration. The total length of mains cleaned under the second 
contract was approximately 87,500 feet, and the results obtained 
were as good as, if not better than, those of the first contract. 
The Board of Trustees then decided that it would be wise to 
clean all pipes laid prior to filtration, and a third contract was 
made with the same company, to cover approximately 450,000 ft., 
which included principally 6 and 8-inch pipe. 





Cleaning Procedure 


The preparations and cleaning operations are simple, yet most 
effective. The section of line to be cleaned is “killed” by closing 
two valves, one nearest the inlet, for the entrance of the cleaning 
apparatus, and the other nearest the outlet. At the inlet end, the 
pipe is exposed and a piece of the main, about 6 ft. long, is re- 
moved and cleaned by hand. The cleaning device (sometimes 
called the “rabbit”) is placed in it, and the section is then re- 
turned permanently to the line by employing a sleeve or coupling 
and using the bell end of the existing pipe. At the outlet the 
line is also exposed, where a smaller piece is removed, depending 
on the diameter, so as to permit a 45-degree bend of the same 
size to be attached to the end of the line to be cleaned. This 
joint is made with yarn only. And to the 45-degree bend is 
added a short piece of pipe, jointed with yarn also, to bring the 
line up to, and a little above, the level of the street. Then the 
valves controlling the lines leading off from the one to be 
cleaned are closed. Likewise all curbcocks are closed. It is now 
time to start the cleaning apparatus on its journey. The valve 
nearest the inlet is opened. The water entering the dead line 
hits the cleaning machine and as the pressure and volume in- 
crease, the machine starts to move, and if there is no obstruction 
in the line, such as a partly closed valve or large pieces of lead 
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An Increasing Interest Is Shown in Cleaning Water Mains. This 
Job Was at Evansville, Ind. 








Ample Evidence That Evansville’s Mains Needed Cleaning 


from a poorly poured joint, the machine will travel the entire 
length of the line to be cleaned and come out on to the pavement 
at the 45-degree outlet. The rate of travel is never alike in any 
two pipe lines of the same size and length. In cleaning 8,257 
ft. of 30 in. pipe the cleaning machine traveled at a speed of 
60 ft. per minute and discharged 47 truck loads of mud, not 
counting that which went into the sewers. 

While the machine is moving, enough water passes it to serve 
as wash water, which helps to reduce the pressure of the ma- 
terial ahead of the machine, and long before the appearance of 
the machine, some of the obstructing material will be seen on 
the pavement. Almost from the moment that machine starts to 
move from the inlet end, until it is out of the main, the wash 
water which precedes it is very dirty. Immediately following 
the appearance of the machine at the outlet the water practically 
clears up, but it is advisable to permit the water to run a short 
time to thoroughly flush the line. When the machine has done 
its job, and the line has been flushed, it is a simple task to re- 
move the makeup at the outlet, replace the piece of pipe there, 
open the valves which had “killed” the line and then those con- 
trolling the side lines, and finally the curbcocks. 


Result of Cleaning 


The results from main cleaning at Evansville were most 
gratifying. Velocity tests were run on various lines before 
cleaning, and the drop in pressure noted, as well as the discharge 
at the hydrants. The same hydrants were used after the mains 
were cleaned, and when the readings were taken, the difference 
showed an increase of 15 to 35 per cent in the water discharged. 
With two hydrants discharging 1,000 gallons per minute each, a 
drop of but two to four pounds was noted, whereas before clean- 
ing a drop of six to fifteen pounds was common.* 

In addition, practically all the valves in the pipe lines were 
operated and tested, and those found defective were repaired or 
replaced. The customary annual inspection of valves is not 
necessary on the lines which have been cleaned, because of the 
very thorough job done in conjunction with the cleaning pro- 
gram. 

Under the three contracts 506,129 ft. of pipe were cleaned as 
follows: 


Diam. Feet Diam. Feet Diam. Feet 
Ee 10,725 Be Ge oc ae 2,196 ere 13,563 
| a. eee 30.238 2 Sa 43,007 rere 4,609 
Ns <aie ween 65,206 G-in......3.d24,360 eer er 12,236 
The cost was: 
CI OI, nbs cl cine veuawaccusne bee aes Makcedenelne $55,700.52 
Labor furnished by water department..............e++6- 27,881.22 
Material furnished by water department...............+. 10,329.30 
SE PE WUE vik oe Shas bas ordavacevenusgenuueen 5,330.41 
SNE I oo oe ora are word ee SCN ee ee ne ah ne ee $99,241.45 


[*Recently a 48-inch intake main 2000 ft. long under 30 ft. of 
water was successfully cleaned of 8 tons of tuberculated mate- 
rial at Erie, Pa., to raise the coefficient from C = 57 to C = 81 
and yield of 23 m.g.d. raised to 35 m.g.d. It represented a neW 
experience in main cleaning.—Ed.] —P 
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The average cost was 19.6 cents per foot of pipe (all sizes) 


cleaned. ao 
Average material cost was 3 cents per 100 ft., which included 


paving, pipe, lead and yarn, repairing old valves and new valves 


where necessary. 
During the pipe cleaning, the question was often asked : “How 
did all the mud get in the pipes?” The answer is this: The first 
water works was built in 1873 and took the supply direct from 
the Ohio River and pumped it into the pipe system without any 
settling or filtering. 
In 1912 when the present filter plant was placed in operation, 


every effort was made to flush the mud out of the pipe lines but 
without success. On account of lack of funds the pipe cleaning 
job was delayed. 

The question has been asked: “How did you pay for the pipe 
cleaning job?” The answer is this: The Water Department has 
always made a nice profit but in order that our books will show 
no loss when making such a large expenditure at one time, a 
“Deferred Charge” scheme has been instituted in order to spread 
the costs over a period of 10 years. However, understand, the 
Water Department payed all of the bill in cash—the “Deferred 
Charge” being only a matter of bookkeeping to: spread the 
cost out. 





WATER SERVED AT WELL-WATER TEMPERATURE 


By WM. M. RAPP 
Superintendent of Distribution, Atlanta Water Depart- 
ment, Atlanta, Ga. 


A cool drink of pure water on a hot day is very refreshing 
but few municipalities or private concerns are equipped nor 
can they afford to supply artificially cooled water to their 
drinking fountains in parks, on golf links and elsewhere. 

The Atlanta Water Department has had two ground water- 
coolers, similar to the one shown in the accompanying illustra- 
tion, in service for the past four years and these proved to 
be so satisfactory that a third has been installed. From the 
functioning of this last installation the data shown on the 
sketch was obtained. 


When air temperature was 93 degrees F. the tap water tem- 
perature from the city mains was 87 degrees F., but the tem- 
perature of the water from the depth-cooler was 66 degrees F. 
A check up against water temperatures in wells in the vicinity 
showed that the warm tap water, after passing the copper 
coils of the earth cooler, was the same temperature as waters 
in the wells. 


The accompanying sketch tells its own story of how the 
coolers are constructed and the results obtained. 
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BLOWING OUT SERVICE LINES* 


By S. H. DAVIS 


Superintendent, Benwood & McMechen Water Co. 
Benwood, W. Va. 


Most every water works operator will agree that a low pres- 
sure complaint can cause a water company to have poor, or at 
least “razor-edged,” public relations between the atrected cus- 
tomer and the company. 

However, unless the condition is caused by insufficient main 
line capacity, the consumer’s line, as well as the company’s serv- 
ice line, is usually the cause of the low pressure complaint. At- 
tempts to convince the affected customer that he should renew 
his lines usually brings the following question or statement: 
“Suppose I do renew my lines, maybe your line is stopped up 
between the main line and my property. How about you people 
doing a little digging first?” To answer that question to his 
satisfaction, usually means to remove meter, if located at prop- 
erty line or curb plot, or cut service line at curb-stop, and let 
him see for himself. If the pressure is poor and he sees it, he be- 
comes very positive that he won’t spend a dime until given bet- 
ter water pressure. He thinks it is high time that the water 
company correct that condition and he wants it done “right now.” 

Naturally, anyone responsible for the operation of a water 
company wants the customers satisfied, but on the other hand, 
he hates to dig into a paved street to disconnect a service from 
the corporation, or to renew the service line to satisfy the cus- 
tomer. 


Method of Cleaning 


We have had the usual number of low pressure complaints 
with all the grief that goes with them. We have tried various 
methods of cleaning out service lines and the method we now 
use is the compressed air and rock salt method. 

The equipment consists of the following parts: 

(1) Cylinder of compressed air—don’t use oxygen. 

(2) 15 ft. (2,000-Ilb.) wire braided hose with suitable connec- 

tions to connect to service line. 

(3) 1 (2,000-lb working pressure) check valve. 

(4) 1 (2,000-lb.) working pressure) forged cross tee. 

(5) 1 (2,000-lb. working pressure) angle valve—-wheel 

type. 

(6) 1 (1,000-Ib.) relief valve—set at 600 to 800 Ibs. 

(7) 1 (1,800-Ib.) pressure gauge. 

(8) Necessary nipples to connect fittings and for connections 

on air cylinder (use extra heavy nipples). 


The method of blowing out service lines is as follows: 

(1) Make necessary test for low pressure. 

(2) Fill wire braided hose with about 2 ft. of coarse rock 
salt (ice cream salt) and connect to service line with 
curb or meter stop in the off position. 

(3) Close angle valve on tank connection—hose. 

(4) Open curb or meter stop. 

(5) Just crack needle valve on compressed air tank and then 
close quickly with one hand. 

(6) Open angle valve immediately with other hand—the “shot” 
is fired. 

(7) Allow muddy water from service to blow through angle 
valve until water is clear. 


(8) Connect up line. 


It is advisable to “crack” a nearby fire plug so that the ex- 
cess air will go out through plug. 

The action of the compressed air is very quick and a surging 
will be noticed in the armored wire hose, but after a few sec- 
onds the surging will stop and the water will flow out of the 
angle valve with normal pressure. As the rock salt enters the 
service line it literally scrapes the incrustation away from the 
line and the rock salt dissolves in the main line. No complaint 
of salty taste in the water has resulted, however. 

This. system is only recommended where iead or copper ser- 
vice lines have been installed. There is too much danger of 
rupturing a weakened steel line which is badly corroded. 

The photographs show the results of this method. The height 
of water above %-inch riser pipe (30 in. above curb stop) was 
3 in. only. But, after blowing out service line the height of 
water was 36 in., indicating increased pressure and volume ob- 
tained. 

We have found that after we do our part, should the pressure 
continue low, consumers become convinced that their piping is 
either corroded or too small. In most cases they will remedy 
their condition. We do not blow service lines from cellar to 
property line, because we feel that is the plumber’s job. 

The average time required to attach the equipment and blow 
out a service line is only 15 minutes. Our cost for a cylinder 
of air is approximately $2.50. 





*An article published in WATER WORKS AND SEWERAGE, October, 
1935. 





Dribble Load 


with One Hand on Cylinder Valve, the Other on Release Angle Valve). 


Gush 


One That Needs Blowing; Loading Armored Hose with 2 ft. of Rock Salt; the Quick Shot of Compressed Air (Note Man 


Shoot 


Results—Plenty of Water and a Satisfied Customer. 



























WATER WORKS AND SEWERAGE DATA 





THAWING FROZEN SERVICE PIPES 


By REEVES J. NEWSOM 
President, Community Water Service Co., New York, N. Y. 


The most rapid and economical method of thawing has been 
by the use of electric current. The most commonly used scheme 
of electrical thawing has been to get the local power company to 
mount transformers on trucks and to connect to existing power 
lines in the streets. The cost of this method is apt to be greater 
than the use of other types of electrical equipment, but there is 
usually not time to get other equipment after the freeze-ups be- 
gan. In outlying districts no power lines were available in some 
cases, and other methods had to be resorted to. Engine driven 
generator sets especially designed for the purpose were only oc- 
casionally available, but the modern electric welding outfit was 
found to have approximately the voltage and amperage range 
required for thawing services, and where these outfits were used 
for thawing mains two of them were generally used in parallel. 


A third type of electrical equipment which was effective for 
short services, where connections could be made close together, 
was a small portable transformer with a capacity of about 150 
amperes at 20 volts. On some systems a surprising number of 
services were successfully thawed with equipment of this type— 
the current being taken through the residence wiring outlets. 


Where only a few frozen services were encountered or where 
the electricity was not available; or, where it was ineffective due 
to rubber gasketed couplings, new lead substitute joints in the 
intervening main pipe, or lack of capacity to thaw copper serv- 
ices, steam and hot water were used. One man can operate the 
steam outfits and do the thawing. 


Steam is effectively used by generating it in a small portable 
boiler and feeding it under about 10 Ibs. pressure through a %- 
inch copper tube or 3/16-inch block-tin tubing. It is successful 
for only relatively short straight pipes where the steam jet can 
be advanced against the ice face as it melts. Where sharp bends 
are encountered and the tube cannot be advanced, the steam will 
not carry forward through the melted ice. Also, if the length 
of the service is too great the steam condenses in the tube before 
reaching the ice face and is not effective. 


Hot water is, in general, more satisfactory than steam, though 
it requires two men to operate the equipment—one to push the 
tube into the pipe as the melting of the ice advances, and the 
other to operate the small force pump required. This method 
can be used on a longer service than the steam process and the 
hot water will carry farther beyond the end of the tubing when 
it meets an obstruction than does steam. 

Small sections of 4-inch main about 75 ft. in length can be 
thawed by this method and if 34-inch iron pipe is substituted for 
the copper or tin tubing, the length that can be thawed can be 
approximately doubled. Where relatively new lead-substitute 
(compound) joints are encountered, preventing the use of elec- 

















Sketch showing electric thawing equipment hook-up to thaw 
two services. One connection may be made to a fire plug, if con- 
venient, when only one service is to be thawed. Before turning 
through the current the house piping is disconnected from the 
service line for safety. 








Mobile Welding Generator Set Thawing Frozen Service Lines. 


trical thawing, this becomes a valuable method of thawing larger 
mains also. 


Time Required for Thawing 


Experiences indicate that the time required for thawing sery- 
ices by all three methods varied through a wide range. Where 
equipment of adequate capacity was available for electrical thaw- 
ing services. were often thawed in from three to ten minutes and 
small mains in from one-half to two hours. Both hot water and 
steam thawing require a considerably longer time than this. 
However, in many instances, because of lack of experience and 
precedent, many jobs of thawing of both long services and mains 
were attempted without adequate equipment; and, as a result, 
two or three hours were often spent on a service and as long as 
ten or more hours on a main. 


Cost of Thawing Operations 


The cost of electric thawing was made up of many combina- 
tions of charges. In cases where hook-ups were arranged with 
the local power company, the charge was sometimes a stated 
amount per service or an hourly charge for the equipment, with 
or without a current charge. Welding outfits were supplied both 
on a per service basis and an hourly charge for men and equip- 
ment. The cost commonly varied between $2.50 and $7.50 per 
service for electric thawing, and the use of hot water and steam 
applications also came within this range. A common charge for 
welding outfits was $4.00 per hour, although it varied from $2.50 
to $7.50 per hour. 


Difficulties Encountered 


One of the principal difficulties encountered in thawing by 
electricity has been the occasional inability to get a closed circuit 
through the pipe or main that will carry sufficient current to 
produce the required heat: The most common cause of this type 
of trouble is the presence of lead substitute joints in the section 
of main between the frozen service and whatever point is used 
for the circuit making connection. The weight of evidence from 
past experience appears to show that new lead substitute joints 
definitely will not carry sufficient current for thawing. Depend- 
ing somewhat upon the character of the water, joints of this 
type in about five years will have formed, by corrosion of the 
iron in the bell and the material itself, a contact that will carry 
the current. This contact is somewhat fragile, however, and if 
too large an amperage is forced through it, it may burn through 
and break the circuit or create arcing and damage, after which 
other means than electricity will have to be used. To avoid this, 
it is necessary to keep the amperage below 200, or probably 150, 
and keep the current on for the extra time required. Rubber 
bushed repair couplings or joints are another reason for being 
unable to get a closed electric circuit, and, except in rare in- 
stances, time does not seem to produce a satisfactory current 
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One of the Mobile Welding and Thawing Units—Ottawa, Can- 
ada, Water Department. 


carrying contact unless much higher voltage is available than 
is needed for ordinary thawing work. 

Failure to ascertain that there is no other path for the cur- 
rent to take than through the service line may lead to failure in 
thawing, even though the ammeter indicates that the proper 
amount of current is flowing. In some cases the current has 
taken a path through the house wiring and has heated the small 
wires (and BX cable carrying them) hot enough to set the 
house afire. It is not sufficient merely to detach the ground wire 
that is customarily found near the cellar wall, because other 
ground connections may be present elsewhere. A complete dis- 
connection of the piping system from the service line, by removal 
of a fitting or the meter, is the only safe course. 


Necessary Consideration in Successful Thawing 


The thawing of services and mains by the use of electric cur- 
rent will be more uniformly successful if water works operators 
will bear in mind the fundamental characteristics of current flow 
and energy transference. Amperage is the measure of quantity 
of current flowing and is the most important element to consider 
because on the one hand the heating effect desired is principally 
dependent upon the flow of a sufficient number of amperes 
of current and, on the other hand, damage to joints and pipe 
is caused by too great an amperage. Voltage is the measure 
of electric pressure which is driving the current through the 
pipe. Voltage is therefore important only because of the am- 
perage which it will force through the resistance of the pipe and 
joints. Ohms are a measure of resistance—i.e.—electric friction. 
The relation between the three is expressed as Voltage equals 
Amperage times Ohms. Thus, the greater the resistance, the 
greater must be the electric pressure (voltage) to force through 
a given amount of current. 

Resistance, therefore, if it be in the joints, is a detriment to 
current flow and to the thawing. But the resistance of the ma- 
terial of the pipe to be thawed is useful in thawing, for ulti- 
mately it is the heat, produced by the force of the current, that 
melts the ice, and the greater the resistance, the greater the heat 
produced by a given amount of current forced through. 

The transference of electric energy into heat in a conductor 
takes place according to a law first stated by James Joule, an 
English physicist. According to this law, the heat produced is 


———ee 


directly proportional to the resistance of the conductor, the 
square of the amount of current and time the current is flowing 
Thus it will be seen that a material which is a poor conductor 
and offers greater resistance to current flow will get hotter than 
one which is a good conductor. Also, a relatively small increase 
in amperage will greatly increase the heat produced as the varia- 
tion is as the square of the amperage increment. 

It would appear from this law that any difficult job of thaw- 
ing could be done by merely continuing the current flow for a 
long period, and to a limited extent this is true, but it must be 
remembered that the heat produced in the pipe is immediately 
dissipated by the ice inside and the cold soil on the outside. 
Therefore, for any rate of heat production there is a point 
reached where it is dissipated as fast as produced; and, if in a 
reasonable time the pipe line is not thawad it is safe to conclude 
that too much of the heat is being lost through the soil and 
mere continuance of this condition for a longer time will not 
bring success. More heat must be provided and since the re- 
sistance of the pipe cannot be controlled, increased current flow 
(amperage) is needed. To secure this additional flow of amperes 
an increase in the electrical pressure (voltage) is necessary, 

As a result of this law of Joule’s, it can be seen that a copper 
pipe, being a good conductor, can only be heated by passing a 
considerable amperage through it and for a longer time than 
in the case of other materials (such as iron) which are not such 
good conductors. Comparing the resistance of the various metals 
used for water pipes, in order, copper is the least resistant. Con- 
sidering copper as 1, steel is 7, wrought iron is 9, lead is 12, 
and cast iron is 73. Since copper has 1/7th to 1/9th the re- 
sistance of steel and iron and 1/12th that of lead, it is necessary 
to put through at least twice the amperage for approximately 
twice as long a time in order to thaw a length of copper ser- 
vice pipe as is required for the same length of steel pipe. 


Experience 


Experience has shown that from 200 to 400 amperes (varying 
with the diameter) will thaw iron, steel or lead services in from 
three to ten minutes. Depending upon the character of the con- 
nections, the type of joints in the mains and other elements of 
resistance, the voltage necessary to force such a current flow 
through the circuit will vary from 10 to about 60 volts. To thaw 
mains, amperages of from 400 to 700 are likely to be required at 
times. In view of the larger area of metal in these pipes it is 
fortunate that cast-iron has high resistance to current flow, else 
it would be impossible to produce sufficient heat with any prac- 
tical portable electrical apparatus. 

To produce a current of 400 amperes at 60 volts requires 
about a 25 k. w. generator, although one with a capacity of 30 
k. w. is better. The gasoline engine driving it should have a 
rated capacity of at least 50 per cent more in order to sustain the 
output for several hours in case difficult main pipe thawing is en- 
countered. 

If current is taken from the 2300 volt lines of the local power 
utility and is stepped down to 110 volts, the transformers should 
have at least a total of 75 KVA capacity if mains are to be 
thawed, becaust it is occasionally necessary to use higher am- 
perages than the average stated and also to maintain the cur- 
rent flow for several hours. A 25 KVA transformer is usually 
ample, however, for the thawing of services. It has been ob- 
served that AC current is more effective than DC in thawing be- 
cause the vibration set up by the former is of material aid. The 
necessary small amount of melting near the pipe surface takes 
place with less actual temperature rise in the pipe. 
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ECONOMY OF ELEVATED STORAGE* 


By DONALD H. MAXWELL** 


The operating records of the Glencoe, Ill., water works furnish 
a striking demonstration of economy procurable through the in- 
troduction of elevated storage. In this case the savings in pump- 
ing costs, resulting from use of an elevated tank, are sufficient 
to cover all annual costs incident to the project. 


The Glencoe pumping arrangements and filtration plant were 
designed to operate in connection with an elevated tank which 
was omitted in the original construction and the pumps operated 
against direct main pressures for about 4 years. In 1932, a 500,- 
000 gallon elevated tank was added and now records under the 
new conditions are available to show a saving of about 33 per 
cent in power consumption. 


The Glencoe filter plant has two motor driven low lift pumps 
each of two million gallons rated capacity and three motor driven 
high lift pumps, of one, two and four million gallons rated ca- 
pacity respectively. In addition there is gasoline engine driven 
standby equipment. The average daily pumpage is approximately 
one million gallons, the rates varying from a minimum of ap- 
proximately 420,000 g.p.d. to a maximum of 3,300,000 g.p.d. The 
maximum hourly rate of consumption is approximately 5,200,000 
g.p.d. and the minimum hourly rate is about 300,000 g.p.d. 


Pumping Conditions With and Without 
Elevated Tank on the System 


Comparison of these consumption rates with the installed pump 
capacities makes it evident that the high lift pumping operating 
against direct main pressures, with pumps throttled a consid- 
erable part of the time, was necessarily inefficient. The low lift 
pumping was also inefficient, owing to the desirability of main- 
taining a full clearwell and thus a 500,000 gallons storage. ‘l'o 
do this it was the practice to operate the filters more or less con- 
tinuously with the low lift pumps throttled. At times these 
pumps had to be operated at 15 per cent of rated capacity. 


With the elevated tank in service the high lift pumps now 
operate intermittently at about their rated capacity and best effi- 
ciency. With present practice, maintaining the clearwell storage 
at not less than 75 per cent full, is accomplished by running one 
or two low lift pumps which operate at about rated capacity dur- 
ing approximately the same periods as the high lift pumps are 
in service. 


Improved Pressures 


The pressures maintanied in the business district when pump- 
ing against main pressures varied over an extreme range of 40 
pounds per square inch. The variation was from approximately 
28 pounds minimum to 70 pounds maximum. Under present con- 
ditions, with the tank in service, a very uniform pressure is 
maintained, having an extreme range not to exceed 20 pounds. 
From 35 pounds minimum to 55 pounds maximum is recorded 
at the business center. The changed pressure conditions are 
clearly shown on the pressure charts, revealing recording gage 
pressures before and after providing elevated storage. 


Savings in Power Consumed 


As now operated the pumps run at capacity from 4 to 24 hours 
a day depending on the season, whereas formerly they ran con- 
tinuously during periods of light as well as heavy demands. 
Much of the time they were throttled thus producing a very 
considerable sacrifice in efficiency as becomes apparent by com- 
paring the power consumption with and without elevated storage, 
as shown in Table I 


_ During 1931 (operating direct pressure) the power consump- 
tion averaged 1,835 k.w. hours per million gallons delivered to 
the mains. During the six months of operation with the elevated 
tank in service, the power “consumption per million gallons 


7 *Excerpts from an article which appeared in Water Works and 
sewerage. 


**Of Alvord, Burdick & Howson, Consulting Engineers, Chi- 
cago. 
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TABLE I—PUMPAGE AND 


ace age Sah 2 May 


Gallon Elevated Tank, Glencoe, IIl. 





POWER DATA COMPARING 


OPERATION WITHOUT AND WITH ELEVATED TANK, 
GLENCOE, ILLINOIS WATER WORKS 





Pumpage, 
million 
Month gallons 
1931 (without tank) 
SU iin ios Ceaea cae 21.467 
PORTMOET os co Sikcecsaee 17.568 
RRR ea err 20.265 
Se een eer te 22.877 
BOR Scwda dl vcvey wren hes 29.097 
SE, Wy ote oo ches aca eee wien 37.153 
POE ch nunticae et sewers 55.516 
RA 65a a ivteivveirantics 56.960 
eer ee 34.030 
IEE) os corn were e > Gets 27.580 
Br ee 23.116 
or 22.362 
Total or average ... 367,991 


Kw.hrs. Kw.hrs. 
per calendar per 

month m.g.d. 
47,600 2,220 
40,000 2,280 
45,600 2,250 
47,400 2,070 
55,200 1,900 
60,400 1,620 
80,800 1,450 
79,600 1,400 
62,000 1,820 
59,000 2,140 
50,000 2,160 
47,800 2,140 

675,400 1,835* 


1932 (only those months with new tank 


month) 

UND n.d erniciss &o6.u nes 21.578 
SE ahd Gave kate oh abvors ithe 45.083 
ee ee eee 46.437 
re ee ee 38.920 
IE. eve ded od cde wie 23.700 
OCU: 3.6.0 sai desea 19.502 

Total or average ....195,220 


*Weighted average. 


27,400 
55,200 
56,800 
47,200 
29,600 
25,000 


241,200 





Kw. 
max. 
demand 


87 
78 
81 
126 
174 
192 
249 
246 
174 
114 
102 
99 


in service throughout 


1,270 
1,225 
1,225 
1,210 
1,250 
1,280 


1,235* 


117 
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Record Gage Pressures Before and After Elevated Storage Was in Service 


pumped has averaged only 1,235 k.w. hours, almost exactly two- 
thirds of the former power use and much more uniform as shown, 
by the tabulation. 


The saving in cost of power due to improved operation, made 
possible by the tank, cannot be properly shown by direct com- 
parison of power bills for corresponding periods under the old 
and the new conditions because of the fact that a new power rate 
was introduced some time after the elevated tank went into 
service, and also because there has been a decrease in pumpage 
approximating ten per cent. 


The fairest estimate of saving in power cost is obtained by 
applying the new power rate to the recorded 1931 pumpage as it 
actually occurred for comparison against the same monthly 
pumpage if delivered under more efficient operation as now at- 
tained with elevated storage. The saving calculated in this man- 
ner, amounting to approximately $2,500 a year, is sufficient to 
cover interest on the investment, depreciation (on sinking fund 
basis) and maintenance of the tank. 

Thus, without added annual cost, the village has been able to 
avail itself of the many advantages of elevated storage which in- 
cludes doubling of reserve storage, better fire protection, unin- 


Old Standpipe Rehabilitated by Guniting 
By V. VON GEMMINGEN 


Town Manager, Culpeper, Va. 


During the year 1895 the town authorities of Culpeper, Va., 
erected a standpipe of 300,000 gals. capacity. During its 38 
years of service it had gotten into such a weakened condition 
from corrosion that for a time it appeared as if it would have to 
be replaced by a new tank or reservoir and, thereafter, removed 
at an expense in addition to the expense incurred in providing 
new service storage. 

After giving some study to the matter of possible renovation 
of this old structure, by application of a jacket of cement mortar 
from a gun—“Guniting”—it was estimated that the project would 
cost $4,000 or thereabouts. There was a large difference between 
that figure and the estimated $18,000 or more which it would 
have cost to provide a new tank or reservoir. It was decided to 
proceed with the project of Guniting the standpipe and its base. 


First, the town laid a heavy false bottom in the standpipe con- 
sisting of a reinforced concrete slab. The contractor* came in 


and cleaned the inside walls of the structure and welded the 





terrupted and more uniform water pressure, greater flexibility of 
filter and pumping operations and increased plant reliability. 


It is worth noting that the saving in cost of power would have 
been greater if Glencoe had happened to enjoy a uniform rate 
of power, such as applies in many plants. In reducing the power 
consumption by 33 per cent the plant is not able to earn pro- 
portionately as good a rate. The estimated net average power 
cost based on the new rate when applied as above explained to 
1931 pumpage without the tank nets 1.27c per kw.h., whereas 
with the tank it is increased to 1.36c per kw.h. 


Auxiliary Equipment 


The elevated tank is equipped with an altitude valve and a 
remote indicating water level gage is installed in the pumping 
station 244 miles away to make practicable the full use of the 
storage capacity available. 


The elevated tank was supplied by the Chicago Bridge & Iron 
Works. The Glencoe plant is in charge of E. L. Pflanz, Super- 
intendent, and George R. Young is Village Manager. 


necessary reinforcing and holding wires to its sides. “Gunite” 
was then applied, starting with a thickness of 2.5 inches at the 
bottom and running out to 1.5 inches at the top. On top of this 
a second or “seal-coat’”? was applied and in three days water was 
turned back into the standpipe. 


The structure has shown no signs of leakage, whereas, prior 
to its renovation, there were approximately 50 active leaks in the 
side walls, and in one spot a hole about half the diameter of a 
lead pencil had been eaten through the iron plate. 


The standpipe rests on a rubble masonry base from which 
much of the cement mortar had disintegrated. This unsightly, 
and probably dangerous, foundation structure was also “Gunited” 
to produce a sightly and strong structure. 


The 39 year old standpipe, which a year ago was ready to be 
junked as worthless, is today as serviceable as when new and 
apparently good for another 30 years if not longer. We feel 
that we have made an excellent investment in having spent $4,000 
and thereby avoided an expenditure of at least $18,000—a net 
saving of $14,000. The “Guniting” job has been in every respect 
satisfactory and we are highly pleased with the results. 


*The work was done by the National Granite Co. 




































WH --- ARMCO 


MEETS THESE SIX 


High Flow Capacity 


Extensive experiments under control of government experts 
have determined coefficients of flow for continuous-interior 
pipe. These demonstrate that flow of water through pipe 
fabricated from rolled iron or steel is greater than through 
cast pipe. ARMCO Spiral Welded Pipe is cold-formed and 
t electrically welded from rolled iron and steel. 





Low Leakage Loss 


These three things enable contractors to install ARMCO 
Spiral Welded Pipe free from leakage: (1) Exacting methods 
of fabrication; (2) tests; (3) use of flexible mechanical 
couplings or field-welded joints. Bottle-tightness is usually 
attained under imposed test pressures. 


Utmost Strength and Ductility 


ARMCO Spiral Welded Pipe is made of materials possess- 
ing an ultimate strength of 40,000 Ibs. to 50,000 Ibs. per 
sq. inch. True roundness of cross section plus reinforce- 
ment of the spiral weld produces a pipe that, wall-thickness 
for wall-thickness, is much stronger and more resistant to 
rupturing forces than straight-seam welded pipe. 

Elongation of pipe-wall material is from 20 to 25% or 
more, thus proving the ability of ARMCO Spiral Welded 
Pipe to absorb sudden rise of operating pressure without 
danger of explosive bursting. 


No Sudden Rupture or Breakage 


Here is atypical test. Four lengths of stock pipe 201% inch 
OD, 74-inch wall were tested to destruction by hydrostatic 
pressure. Test lengths were part of a run-of-mill order. No 
leak appeared until the specimens broke. Before rupturing, 
each piece increased about 10% in circumference under a 
pressure of 1,300 Ibs. per sq. inch. All ruptures were in the 
plate, which demonstrated 100% weld strength. 


ARMCO 





SPIRAL WELDED PIPE 
DESIGN-FACTORS 


Economical Permanence 


By selecting wall thicknesses in accordance with strength 
requirements and service life, economic saving in material 
cost is effected. Initial savings over other materials are 
frequently large enough so that, if invested at a common 
interest rate, they would amount to enough to replace the 
line before the end of its useful life. 


Greatest Service and Safety Per Dollar Cost 


Original cost, installation cost, and low yearly cost of 
ARMCO Spiral Welded Pipe combine to provide utmost 
service per dollar of cost. Add to this an exceptional factor 
of safety and you have a pipe that cannot be equalled in the 
applications for which it is especially suited. 





Where to Use It 


Supply lines @¢ Equalizing mains @ River crossings @ 
Outfall lines © Water purification plants ® Power 
house piping, (a) water lines, (b) low pressure 
steam lines © Sewage disposal lines. 


16 Advantages No Other Pipe Can Match 


Various Diameters @ Various Wall Thicknesses @ 
Optional Coatings @ Ductile ¢ Strong @ Mill Tested 
@ True Round @ Adaptable ¢ Long Lengths © Stand- 
ard Fittings @ Special Fittings ¢ High Flow Capacity 
© Low Leakage @ Low First Cost ¢ Low Job Cost @ 
Low Yearly Cost. 











THE AMERICAN ROLLING MILL COMPANY 
PIPE SALES DIVISION © MIDDLETOWN, OHIO 


SPIRAL WELDED PIPE 














CHICAGO BRIDGE & IRON WORKS 

























Chicage..... 2198 Old Colony Bldg. Dallas. 1479 Dallas Athletic Club Bldg. Houston............ 2919 Main St. Boston. .1548 Consolidated Gas Bldg 

New York.3390-165 Broadway Bldg. Birmingham... .1586 North 50th St. Detroit........ 1551 Lafayette Bldg. San Francisco. ...1083 Rialto Bldg. 

Cleveland. ...2262 Rockefeller Bldg. Tulsa........ 1646 Thompson Bldg. Philadelphia. .1644-1700 Walnut St. Los Angeles....1455 Wm. Fox Bldg. 
Plants at: CHICAGO, ILL. - GREENVILLE, PA., and BIRMINGHAM, ALA, 


In Canada: HORTON STEEL WORKS, Limited, Fort Erie, Ontario 





RADIAL-CONE 
BOTTOM TANKS 


The radial-cone bottom design was 
developed to enable us to build large 
capacity tanks with a small range in 


PRODUCTS 


Bins, Storage 
Breechings, Steel 
Chutes, Steel 
Filtration Plants 


Pipe, Welded 
Steel 

Receivers, Air 

Smoke Stacks 


F Standpipes head. Radial-cone tanks are of sou 
oy at Steel "Plate Con- structural design. They present a shee 
2 : struction | ing appearance. Construction details 
Gasholders, High ,ieE: such as tower bracing, hand railing 
and Low Pres- Tanks, Elevated i i etc., may be varied to secure the de. 
sure Steel iPat it sired architectural effect. 
Hoppers, Steel Tanks, Storage oe a ae i 
Penstocks Tanks, Surge  WARBER. 4 : STANDARD RADIAL-CONE SIZES 

















Pipe, Riveted Steel Tanks, Washwater Capacity Diameter Depth 
(Gallons) of Tank of Tank 
FACILITIES ees ae = 
750,000 76’ 8” 25° 
We are equipped to design, fabricate 1’300°000 He = 
and erect all types of steel plate work. 3500/00 = 25, 














When requesting estimating figures on 
tanks, state capacity, height to bottom 


for elevated tanks and describe location. 1,500,000-gal. Radial-Cone Bottom Tank, Aurora, Ill. 


WASHWATER TANKS 

We build ellipsoidal, radial-cone or 
special shaped tanks to give exactly the 
capacity, head and pressure variation required for 
washing filters. They are more dependable and 
economical than direct pressure washing. 


ELLIPSOIDAL-BOTTOM 
ELEVATED TANKS 


This type of tank is built in a complete range 





of standard sizes as shown in the table below. 
The diameter of the tank is relatively large and 
the depth shallow, reducing the variation in 
pressure between the upper and lower water level. 
The proportions of this design are also well 
balanced, presenting a pleasing appearance. 


Ellipsoidal-bottom tanks are equipped with 
large steel risers riveted directly to the bottom 
of the tank. The size of the riser varies from 
three to six feet, the larger sizes being used in 
northern climates to prevent freezing. 


ELLIPSOIDAL-BOTTOM TANK SIZES 








Tank dimensions 





















































Nominal 
capacity, 
fy K gal. D H B K 
Br 40,000} 20/0" 13’9" s’0” 18’9° 
50,000 220° 14’0” 56" 196 
| 60,000 24’0° 14’0" 60" 20/0" 
75,000 260" 15’0° 66" 21'6" 
100,000 28’8° 16’0" Le of 23’2° 
125,000 28’8° 21’2° 7’2° 28°4° 
150,000 34’0" 16'6" 86" 250° 
! K El 200,000 38’0" 17’6" 96" 27’0° 
250,000 40'0" 20'0" 10’0” 30'0° 
. 300,000 41'0" 23’9° 103" 34’0° 
400,000 47'0° 23/2° 11’9" 34/11" 
\ ‘is 500,000 51’0" 24'3° 12’9" 37’0" 
l/l 600,000 54’0" 26'3" 13’6" 39’9" 
bt 750,000 54’0" 32'0" 18’0" 50’0” 
y y 1,000,000 600" 34’0" 200" 54’0° 
a= — 2,000.000 #0’0° 356" 26’0" 61'6" 





“Height to bottom—any even foot. 





sphere 


sewage gas at 40-lbs. 





250,000-gal. Horton Ellipsoidal- 
Bottom tank. Kansas City, Kansas. 





125,000-gal. washwater tank at 


filtration plant, New Milford, N. J. 


(Left) 5 Mgd Morse filter plant 


at Burnt Mills, Md. Self-contained 
unit measures 100 ft. in diameter. 


(Right) 26 ft. 9 in. dia. Horton- 
used by Beaver Dam, 
treatment plant to store 


pressure. 


Wisce., 


RESERVOIRS 


Where natural elevations are available, steel 
reservoirs are used for storage. They are built 
in standard sizes or special designs to meet your 
requirements, or riveted or welded construction, 
with or without roofs. 


MORSE FILTER PLANT 


The Morse filter plant is a rapid sand type 
plant. It is built entirely of steel in convenient 
sized units. The filters, coagulating basins and 
reservoirs are located in concentric circles, pro- 
viding a compact arrangement. A 5 m. g. d. unit 
covers a circle 100 ft. in diameter. 


SEWAGE GAS HOLDERS 


Treating plants producing sewage gas have 
found the Hortonsphere well adapted to their 
operations because it permits storage of large 
quantities of gas under pressure without an 
excessive equipment investment. We also build 
conventional water-lift gas holders. 


INFORMATION 


We are glad to supply municipal officials and 
waterworks engineers with information or esti- 
mating figures. Write our nearest office. There 
is no obligation on your part. 














































EDSON 
Reg. U. S. Pat. Off. 





NEW YORK: 142 Ashland Place, Brooklyn 


Suction Force Pump. 





“ON TOP” 
POWER PUMPS 


Dis- 
Unit Engine Suction charge Capacity Weight 


3-OA 1%B 3-in. Open 4000 g.p.h. 374 
3-0 (Mounted on Hand Skid) 395 
3-OM 1%B 3-in. 3-in 4000 g.p.h. 410 
3-OM 


(Mounted on Hand Skid) 431 





ODORLESS HAND FORCE 
PUMPS 


Dis- 
Size Suction charge Capacity Weight 
No.0 2-in. 2-in. 1200 g.p.h. 50 lbs. 
No.3 3-in. 3-in. 3000 g.p.h. 300 Ibs. 
No.4 4-in. 4-in. 4000g.p.h. 400 Ibs. 





“UT” HEAVY DUTY PUMPS 
Dis- 

Unit Suction charge Capacity Weight Code 
3RMI-UT 3-in. 3-in. 4000 g.p.h. 1075 Prebend 
4RMI-UT 4-in. 4-in. 6000 g.p.h. 1150 Precept 
3RAI-UT 3-in. Open 4000 g.p.h. 1025 Precinct 
4RAI-UT 4-in. Open 6000 g.p.h. 1140 Precise 





EDSON HAND TRENCH PUMPS 


Size Suction Capacity Weight 
No. 2 2%4-in. 1800 g.p.h. 122 lbs. 
No. 3 3. -in. 4000 g.p.h. 176 lbs. 


No. 4 4. -in. 6000 g.p.h. 247 lbs. 





“MV” POWER FORCE PUMP 


Dis- 
Unit Engine Suction charge Capacity Weight 
3RM1-2V 2h.p.*-Sin. 3-in. 4000 g.p.h. 900 
aww ” ” Single 
3RM2-3V" 3h p. a. 3-in. 8000g.p.h. 1530 EDSON HYDRANT PUMP 
ouble 
4RM1-2V 2h.p. 4-in. 4-in. 6000 g.p.h. 975 Rugged bronze construction with Non- 
Single a Clogging Bronze Ball Valves, complete 
4RM2-3V 3h.p. 4-in. 4-in. 12000g.p.h. 1680 with 10 ft. 34” suction and 3 ft. 1” dis- 
Double charge hose. 











a. Hose Accessories. OUTFIT. 


THE EDSON CORPORATION 


Main Office and Works: 49 D Street, South Boston, Mass. 


Established 1859 


Cable Address: DIAPHRAGM, BOSTON 


Manufacturers of Smallest and Largest Diaphragm Pumps in 
Market—FROM 2 in. suction with Open Discharge or 2 in. Suc- 
tion Force Pump TO 4 in. Suction and Open Discharge or 4 in. 


HAND PUMP— 
SIZE NO. 1 





Smallest and most efficient non-chokable dia- 
phragm pump made. Has 2-inch suction with 
open discharge and 1400 g.p.h. capacity up to 
25 feet or more suction lift. Both valves brass 
and moulded rubber. 





“AV” POWER DITCH PUMPS 


Dis- 


Unit Engine Suction charge Capacity Weight 


3RAI-2V 2h.p. 
3RA2-3V 3h.p. 
4RA1-2V 2h.p. 
4RA2-3V 3h.p. 


3-in. Open 4000 g-p.h. 840 
(Single) 

3-in. Open 8000g.p.h. 1360 
(Double) 

4-in. Open 6000g.p.h. 900 


gle 
4-in. Open 12000g.p.h. 1520 
(Double) 





“ON TOP” TRAILER PUMP 


Dimensions with Trailer Upright 
Height 70”, Width 48”, Depth 40” 


Unit Suction 
OM-T 3-in. 


OA-T 3-in. 


Discharge Capacity Weight 
3-in. 4000 g p.h. 680 
open 4000 g.p.h. 635 


Also Manufacturers of Edson Pump Diaphragms, Suction Specify Style of Pump and Size, with Length of Hose and 
Hose, Suction Strainers, Foot Valves, Adapters, Pump and receive our quotation on a COMPLETE EDSON PUMP 
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THE NATIONAL WATER MAIN CLEANING 
COMPANY 


Contractors for Cleaning of Water Mains 
Hudson Terminal Building, New York, N. Y. 




























The fact is well known that most NATIONAL enced superintendents who can give 


water mains are continually decreas- METHOD you a satisfactory job at a minimum of 














ing in carrying capacity. As they 



























to keep the flow up to normal; or, if the system runs 
by gravity alone, sooner or later more mains must be 
purchased, or new sources of supply, or both, or the 
time will come when there will be insufficient flow to 
take care of the city’s needs. 


UNLESS— 


METHOD, to restore them to CLOSE TO 100 PER 
A SMALL FRACTION OF THE COST OF ANY 
SUPPLY UP TO NORMAL. 

What Causes These Mains to Become Clogged? 


The causes may be divided into three classes—cor- 
rosion, growths (both vegetable and animal) and , 
deposits, or sedimentation. Year after year the 





thicker and thicker, until the effective diameter of 
the pipe has been materially reduced. 


that the Mains Need Cleaning? 

In some cases the low pressure in districts indicate 
this. In other cases, the increased power needed at 
the pumps is an indication of the reduced carrying 
capacity of the mains. Occasionally, an unpleasant 

taste or odors become evident. This is a source of 
ill-health sometimes. 


Let us suppose that it is definitely known that 
the mains need cleaning. 


20” Main in a Midwest City Before Cleaning. 


OTHER METHOD OF KEEPING THE WATER |. 


incrustations and deposits on the pipe interior get 3. 


How Does One Recognize the Fact 4. 


5. 


6. 


expense, and with a minimum of dis- 


become more clogged more pressure must be exerted comfort and disruption of service. 


You may furnish LOCAL LABOR if you desire, 
The National Water Main Cleaning Company sup- 
plies the equipment, and an experienced superintend- 
ent to supervise the work. 


. THE COST 


No general figures of cost can be given. In maki 
? “le: — a 7; N \ 4 : snc 5 , axing 
You clean the mains by THE NATIONAL up an estimate of the cost of any water main clean- 


ing job, it is necessary to take into consideration 


CENT OF THEIR ORIGINAL EFFICIENCY AT the following items: 


Location of work 


(a) Transportation charges for men and equip- 
ment. 


(b) Location of work—country or congested 
district. 
Labor conditions 


Amount of work 

(a) Size of mains to be cleaned. 
(b) Number of feet of each size. 
Layout of mains to be cleaned 


(a) Location of valves, and time required for 
complete shutoff. 

(b) Whether pipe must be cleaned in short 
stretches or long, because of pipe layout or 
condition. 


Water pressures available 


Depth of pipe and nature of digging 


Let the National Water Main Cleaning Company 
: : give you a figure on the cost of cleaning the water 
Why Choose the National Method? main in your city. Send complete description of the 

Because the National method is quick and inex- conditions, and we will furnish you a quotation with- 
pensive. Because its field staff consists of experi- out obligation. 








When a Pipe Lining Is Tuberculated to This Extent, the Frictional 


Resistance to Flow Is Considerable. 











Tanks—Plate 


SALES OFFICES AT 


3418 Neville Island, Pittsburgh, Pa. 
919 Tuttle Street, Des Moines, Iowa 
Room 918, 
1222 First National Bank Bldg., Chicago, Ill. 
1223 Praetorian Bldg., Dallas, Tex. 
625 Rialto Bldg., San Francisco, Calif. 


270 Broadway, New York 


fabrication—Structural Steel 


187 


PITTSBURGH- DES MOINES STEEL COMPANY 





In these tables we have compiled—in compact but complete 
form—data on steel reservoirs and on the various types of 


elevated steel tanks. 


For information as to the application of 


these various ‘types of tanks, for designs, for specifications, 


or for estimates—write our nearest office. 


Table I.—Pittsburgh-Des Moines Standard Hemispherical Bottom Elevated Tanks 















































































Capacity --Tank Limensions—, 
in U. 8. D Cc vv =__ —— H = ER - ight of Tower to Bottom of Tank Gronaity — 
Gallons ft. ft. in, ft. in. ft. in. ft. in. ft. in. - in, ft. in. ft.in. ft. in. ft. in. ft. in n. t. in. ft, in, 
10 0 11 3 RBSopwBVeene sess nhsd)s sd BS W DB. Bo wee wee Ss), ece as 
611 1111 10 0 20 0 30 0 40 0 50 0 60 0 70 0 80 0 90 0 100 0 ... .. «. -- 
1011 1611 10 0 20 0 30 0 40 0 60 0 680 0 70 0 88 0 88 0 108 0 (lwwk ww tee ce 
1511 2111 10 0 20 0 30 0 4 0 50 0 60 0 70 0 886 0 90 O 100 0... .. ..... 
14 7 1911 a ¢ @ © @. SS P -uc..c BR Bee. icc x i ere eee ce” 
noi Bet 28 ee SS CW. Oc ee Be ee ee vce 0s Ee ee are ee 
18 5 25 1 ee aren as Pere: SS UR 7 eee een 
an. BF .. . 56 O 68 4 75 0 838 4 91 8 100 O 111 8 120 0 128 4 140 0 148 4 
22 6 30 6 .. 55 0 68 4 7% O 838 4 91 8 100 O 111 8 120 0 128 4 140 0 148 4 
22 6 30 6 .. 55 0 68 4 75 0 88 4 91 8 100 O 111 8 120 0 128 4 140 0 143 4 
22 6 31 0 .. 50 0 68 1 7% O 79 7 91 6 100 O 113 1 116 6 125 O 141 6 153 4 
242 34 7 46 6 5410 63 2 75 0 88 4 91 8 100 0 11110 120 2 128 6 140 3 148 7 
23 4 36 1 45 9 54 1 62 5 7% O 83 4 91 8 100 0 112 7 12011 129 3 14110 150 2 
31 4 45 4 45 4 53 8 62 0 75 0 83 4 91-8 100 0 113 0 121 4 129 8 142 151 0 
28 4 42 5 45 4 538 8 62 0 75 O 88 4 91 8 100 0 113 O 121 4 129 8 142 151 1 
30 0 46 6 4 6 5210 61 2 7% O 83 4 91 8 100 O 11310 122 2 130 6 138 10 152 8 
29 9 49 2 43 6 5110 60 2 75 0 8 4 91 8 100 0 11410 128 2 131 6 18910 154 7 
. s ba : ) Tower heights have not been standardized for these capacities and can, therefore, be 
52 0 73 9g / built to suit the requirements in each particular case. 
Table II.—Pittsburgh-Des Moines Standard Hemic-ellipsoidal Elevated Tanks 
Capacity --Tank Dimensions—, 
in U. 8. D c Vv a = Height of Tower to Bottom of Tank Capacity - 
Gallons ft. ft. in, ft. in. ft. in, ft. in, ft. in. ft. in, ft. in. ft.in. ft. in. ft. in. ft. in. ft. in. ft. in. ft, in. 
eg. Ae 17 in aan eae Be ee ees hUmrhUhcSlhCUF. CU gétd, 0 tak ae: 18 ee 
J ee 17 147 18 6 oo : &@ & Ts 8 oe Sx. co Be Se © one 26 Dr. Spec on. bes. eb) 5Onr we 
es 21 11 3 16 9 ae oo: te a ae og ee Awe ee . Serra eae ee 
50,000........ 22 2 oe a = 57 65 6 75 0 8 6 9310 100 0 113 10 122 2 130 142 2 150 6 
Sere 24 1210 19 4 aye 56 6 6410 75 0 84 8 98 2 109 0 1138 2 121 6 128910 141 6 149 10 
 aaage 26 13 6 20 8 one 55 10 64 2 75 O 8 2 92 6 100 0 112 6 12010 129 2 14010 149 2 
100,000........ 28 1462 23 2 int 51 6 64 7 75 O 81 1 93 O 100 O 114 7 118 O 126 6 143 O 154 10 
| ee 34 1410 25 0 46 9 55 1 68 5 75 O 83 7 9111 100 0 112 1 120 5 128 9 140 6 148 10 
ee 38 15 5 27 0 4611 55 3 68 7 75 0 8 6 92 0 100 0 113 9 122 1 130 5 1438 O 151 4 
250,000........ 40 18 1 30 0 47 5 55 9 64 1 75 O 8 5 93 9 100 O 115 1 128 5 131 9 140 1 153 1 
a. . ee 40 2311 34 0 49 4 57 8 66 0 75 O 87 4 95 8 100 0 117 0 125 4 183 8 142 0 155 1 
/ Nee, Oe 46 22 9 3411 4810 57 2 65 6 75 0 87 8 96 O 100 0 118 2 126 6 13410 143 2 157 0 
500,000........ 50 23 9 37 0 49 8 58 0 6 4 75 0 81 2 89 6 100 O 112 8 121 0 129 4 146 0 152 5 
000,000........ 55 21 9 38 7 
ES 0-« v'00:0 60 22 4 42 4 
Se 60 35 0 54 0 : 
1,000,060........ 65 — ss a Tower heights have not been standardized for these capacities and can, therefore, be 
1,250,000........ 79 17 4 48 4 [ built to suit the requirements in each particular case. 
500,000........ 70 37 8 60 0 
,500,000........ 79 24 0 50 0 
«ee 90% 22 6 50 0 








Table III.—Double Ellipsoidal Tanks 


Table IV.—Railroad Type Tanks 




















Capacity Tanks——— Capacity ——Tank Dimensions—— 

in U. 8. D Vv H in D Cc Vv H 
Gallons ft. ft. in. ft. ft. in. ft. in. 

0S ee 28 23 8 15 10 9 16 2 An 

0 34 26 9 15 1467 19 11 height 
Ee 38 27 7 17 12 7 19 0 from 
SE. eccccvecses 38 33 7 —_ 19 13 #1 20 6 15’0” 
Se 40 33 2 21 13 1 21 1 to 
ee 42 31 7 one 24 10 1 20 3 40’0” 
i Sa 44 36 6 24 15 1 23 10 in 
S046 e008 46 35 7 28 13 6 23 7 multi- 
are 50 39 2 28 14 2 24 7 ples 
ro Riley cimaatas' 54 40 0 2 7 ; - : of ; 

1,000,000.........:: } Dimensions on request 38 23 11 38 3 spay 



























































Table V.—Toroidal Bottom Tanks ft, in. 

15 1 

Geaeciiy Tank pagve At vie h = 100” and 4 H 
n U.S. vV—20'0” 300" v—350"” 4H 2 0 
Gallons ft. in. Vit. 4 t. in, ft. in. 20 1 
750,000...... 82 0 73 2 66 8 61 8 23 4 
1,000,000...... 94 5 84 3 16 9 71 =4 26 8 
1,250,000...... 105 4 94 0 85 8 79 29 4 
1,500,000... ... 115 2 102 9 93 9 8 8 Built 39 1 
2'000,000...... 132 8 118 5 108 0 99 to 37 5 
2'500,000...... 148 0 132 3 120 7 111 6 Order 28 10 
3,090,000...... 162 0 144 8 131 11 122 25 0 
4,000,000... ... 186 8 166 9 152 2 140 9 a4 6 
5.000,000...... 208 6 186 3 169 11 157 3 = 3 
24 10 

0 
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UNITED STATES PIPE AND FOUNDRY CO. 


Burlington, New Jersey 


PLANTS AT 


Birmingham, Ala. Burlington, N. J. 
Scottdale, Pa. 





Addyston, Ohio Chattanooga, Tenn. 


Cleveland, Ohio 


Bessemer, Ala. 


Anniston, Ala. 
Louisville, Ky. 








SALES OFFICES R 
Philadelphia Birmingham San Francisco Pittsburgh Cleveland Washington Minneapolis Seattle 
New Yor« Chicago Boston Buffalo Kansas City Dallas Los Angeles 


Makers of 


CAST IRON PIPE AND FITTINGS 

SUPER-DE LAVAUD PIPE 

WEBRE SUGAR EVAPORATORS AND VACUUM 
PANS 


CENTRIFUGALLY CAST ALLOY CAST IRON PIPE 
“USICAST” CAST IRON ROOF 

CHEMICAL CASTINGS 

LARGE CASTINGS TO ORDER 





Super-deLavaud Pipe with B&S Joints 


Super-deLavaud Pipe with bell and spigot joints is available 
in all sizes from 3” to 24” and in 12-foot and 18-foot lengths. The 
joint is particularly adaptable for lead, cement, joint compound 
or rubber ring assembly. The centering ring insures easy align- 
ment and uniform distribution of the jointing material. The 
process by which this pipe is produced assures concentricity, even- 
ness of metal and freedom from sand or slag inclusions. The 
bell and spigot joint, made with lead or other jointing materials, 














pressure service for water, gas, steam or similar liquids and 
gases; and drainage service. Pressure pipe is made to meet the 
requirements of Federal Specifications WW-P-421 and is supplied 
in three classes: standard, extra-strong and double-extra-strong. 
Drainage pipe, used for waste, vent and drain work, is a lighter 
pipe for use in buildings and elsewhere where a tight screw- 
coupled joint is needed. Drainage pipe is made to meet the 
requirements of Tentative Federal Specifications TS-2068, Type A. 


THREADED CAST IRON PRESSURE PIPE 
(Made to meet the requirements of Tentative Federal Specifications Ts. 























shows ample strength to resist pulling apart. If required to meet 2063, Type A) 
service conditions, pipe will be furnished with special linings. All | —H 
page oe +. ; : by.” 
Super-deLavaud Pipe with bell and spigot joints are made to ak Nominal | Outside | Nominal | Threads | weight 
meet Federal Specification WW-P-421. Write for descriptive cashes Class Length, | Diameter, | Thickness,| per per Foot 
ee s ne ounds 
booklet F t Inches nches Inch Pound: 
TABLE I "Standard 12 3.50 36 8 11.08 
3 X-strong 12 3.50 .45 Ss 13.45 
X X-strong 12 3.50 48 8 14.21 
Standard . : 4 = s 15.34 
4 X-strong s 5 f 18.91 
THICKNESS X X-strong 18 4 +4 “ 4 20.29 
y S:andard 18 5.56 20.22 
ZZ 5 X-strong 18 5.56 49 8 24 40 
X X-strong 18 5.56 53 8 26.15 
D N NAL LAYING LENGTH-+ | Standard . 6 = - : = 13 
-—_—— D2. ——+C*— NOM, 6 X-strong 8 6. 65 5 30 59 
N. X X-strong 18 6.63 55 s 32.78 
Standard 18 8.63 50 8 39 85 
s | X-strong 18 8.63 56 8 44.29 
- X X-strong 18 8.63 60 8 47.22 





Nominal Laying Le agth 
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Class | 
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THREADED CAST IRON DRAIN PIPE 

















Nomi- . . 12-Foot | Length 18-Foot Length : - 
nal | Se. . ee ; . For Waste, Vent and Drainage Service 
| imum Weight | Weight i i i 
— Working | Thickness fe Por Poot ve | per Foot (Made to meet the requirements of Federal Specifications TS-2068, Type A) 
Inches Pressure Poumte te Peinnae | ines ——— — - l 
| = } + saa | a Size nemeet ( panne ee Threads —— 
« e a: ; 3 oot zength Diameter Thickness per per Foot 
3 HH 33 4 12 5 a Inches Feet Inches Inches Inch Pounds 
5 55 2 = sen = ie eai Wis: pdses act 
F 230 «| (138 230 184 323 17'9 3 12 3. 50 26 8 9.41 
: ae ie HE 3. $00 3s 5 18 558 33 5 19:05 
’ 150 42 475 30.4 600 38 3 6 18 6.62 38 8 26 22 
8 200 46 510 42.4 745 41.3 8 8 3. 63 ° 39.8% 
8 250 50 545 45.5 800 44.3 
10 150 «=| 47 640 53.3 1935 51:8 
0 200 | 52 7 58 .¢ 25 56 
10 250 | 57 760 63.3 1115 61.9 THE U. S. JOINT 
12 150 | 50 810 67.4 1180 65.6 : : . 
12 200 57 905 75.4 1335 73.7 The U. S. Joint embodies the more favorable features of cer- 
2 2: 52 9¢ 2.5 5 ; oo " ee 
om ty ; tain other types of mechanical joints and was developed and pat- 
Pe ee ented by the United States Pipe and Foundry Company after 
— = ee een considerable study and research. It is adaptable to both Super 
"Nominal Laying Length deLavaud Centrifugal Pipe, and to pit cast pipe and fittings and 
Nom | Cl. | 12-Foot Length 18-Foot Length these may be interchanged one with another in the laying of a line 
pal | imum | Average | a without the need of an adapter. The accessories, which consist 
eter =| Working | PMekNeSs | Weight Per Foot Weight Per Foot of follower ring, gaskets and bolts are all interchangeable. 
Inches | Pressure of Pipe Including Se Including : ° 
| Pounds pe Pounds Bell It possesses the following salient advantages : 
3 | ae ee Sees ae : . — 
“ie Ps a pon one ~~ Write for folder on Pipe and Fittings 
14 | 150) | 55 1060 88.5 86.3 
14 200 | 62 1190 99 0 96.3 
14 250 69 1320 110.0 1930 107.3 
16 100 2 | 1130 94.2 1645 91.4 
16 150 60 1320 110.2 1935 107.4 
16 200 68 | 1490 124.1 2175 120.7 THICKNESS 
16 250 75 | 1635 136.1 2390 132.7 
18 100 56 | 1365 113.8 1990 110.6 
18 150 65 | 1595 132.8 2330 129 6 
18 | 200 74 | 1810 150.9 2645 146.9 
2% ~©6| «100 5s | saaRB 132.0 3303 128 0 Noma. LAYING LENOTH —* 
2 53 585 3: 2305 y 
20 | 150 68 1860 155.0 2720 151.0 C BA 
20 | 200 ; a |. oo 177.1 3105 172.4 
20 | 6250 | RS | (2365 197.1 3465 192.4 1. Ruggedness of parts. 
00 6 2085 173.8 3035 168 6 
54 7 ee + Prt rs ar pane = bs 2. High resistance to corrosion since all of the joint 
i 200 | «88 2855 237.8 4170 231.6 accessories are of the same material—cast iron. 
| | 2 2 +! 2 5 
aoe —.5 3. Maximum joint deflection without leakage. 
oo : a areas Rel — 4. Great resistance to the flow of electric currents. 
Threaded Cast Iron Pipe Centrifugally Cast 5. Ease of assembly—needs only one wrench. 
? 6. Only one gasket per joint. 
‘ Super-deLav aud Cast Iron Pipe i is now being manufactured in 7. Excellent qualities as an expansion joint. 
steel pipe sizes” with threaded joints to meet the demand for a 8. Tightness under high pressures of gas or water. 


better and more durable pipe. There are two distinct types of 
service for which Super-deLavaud Cast Iron Pipe may be used: 





Connection to plain end existing pipe line without use 
of adater. 
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A. WYCKOFF & SON COMPANY 


8lst ANNIVERSARY — 1855-1936 


Manufacturers of Underground and Exposed Wood Pipe for Water and Steam 
The Originators of Machine-made Wood Pipe 


FACTORY AND ONLY OFFICE 
70 Home Street, ELMIRA, N. Y. 





PIPE LASTS LONG AND SAVES MONEY 
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Wood Stave Pipe 
Protective coating omitted from pipe to show banding. Note double winding at end. 


PRODUCTS 

MACHINE-MADE Woop StAveE Pire for water works systems, 
sewage, paper mills, manufacturing plants, mines, railroad water 
supplies and chemical plants. 

Sotip BorED Woop Pipe available in various sizes. 

UNDERGROUND WoopEN STEAM PIpE CASING. 


WOODS USED IN WYCKOFF PIPE 
AND THEIR ADVANTAGES 


California Redwood—Clear, all heart stock. No corrosion 
with age to decrease capacity; lower costs and longer life; ship- 
ping and handling costs are low and installation economical be- 
cause of light weight and small units; not affected by electrolysis, 
soil condition, worms, insects or the famous termite of the tropics. 
Redwood is rot resistant. 

Successfully withstands moist, hot climates, or extremely dry 
climates, both hot and cold, and is free from damage in all 
freezing weather; neither expands nor contracts with heat and 
cold, eliminating expensive precautions. Can be laid on ground 
surface or buried without danger. Delivers water as pure as at 
source of supply. 

It has 14% greater carrying capacity than metal pipe; resists 
frost where severe winters raise havoc with metal pipe. 

We can furnish selected Canadian White Pine or Oregon Fir 
Wood Pipe if specified. 

Lower labor, installation and maintenance costs; long life, no 
electrolysis, contamination of water, or destruction by sulphur, 
salt water or other mineral impurities. Can be laid in wettest 
kind of trench; elasticity of wood prevents bursting. 

New type Wyckoff California Redwood Pipe specified by 
Engineers Installed by Contractors, an installation being per- 
manent, it helps sell other jobs. Wyckoff Redwood Pipe for water 
supply and sewage lines is a proven product. 


WYCKOFF WOOD STAVE PIPE 


A. Wycxorr & Son Company are originators of machine- 
made wood stave pipe. 

Uses—When normal or constant pressure does not exceed 
172 lb.; for a supply main, from source of supply; penstocks; 
for carrying water highly charged with acids: for carrying 
heavy fluids, water supply and sewage lines, etc. 

Construction—Made from woods listed above. All staves 
are double tongued and grooved, with faces planed, under close 
inspection. Staves are wound with flat bronze bands, solid hard 
drawn copper wire, galvanized wire, stainless steel, flat copper- 
steel or Toncan Iron bands or assembled with Round Rods and 
Malleable Iron Lugs at desired uniform tension. Pipe is ren- 
dered watertight by squeezing tongues into grooves. Montezuma 
asphalt coating is used as protection to the bands, or pipe can be 
painted with special acid resisting paint. 

_Sizes—Made in all sizes for pressures up to and including 
172 lb. per sq. in. Maximum pipe lengths, 12 ft.; shorter lengths 
permit pipe to be laid on curves without iron fittings. 








Durability of Wood Pipe—Wooden pipe has done efficient 
service for years in connection with supply lines, mine drainage, 
fume stacks, hydro-electric plants, sewage lines, conduits, etc. 
Pipe in use for scores of years still show perfect condition. 

Joint Fittings—The Company is prepared to furnish cast 
iron or any kind of fittings for connecting wood and metal pipes. 
Wooden crosses, tees and ells in sizes up to 10-in. diameter are 
also available. These are made by properly boring heavy blocks 
cut from square timbers. 





Method of Attaching Flange Fitting 





Two Ends of Wood Pipe 


Tenon and socket joints of wood pipe that will stand a pressure 
of 172 lb. per sq. in. by simply driving them together. 


Cost of Laying Wyckoff Pipe—Cost of laying is much less 
than that for cast iron pipe. No special labor or materials needed 
in making joints. Its lightness permits easy laying. 


WYCKOFF’S NEW EVERLASTING 
REDWOOD STEAM PIPE CASINGS 


Made of 2-in., 3-in. and 4-in. single shell clear, all-heart 
stock California Redwood (no knots or sap) wound with heavy 
galvanized wire and double coated with the best uniform qual- 
ity Montezuma Asphalt. This casing cannot shrink, swell or 
warp and is impervious to water, insects, worms and decay. It 
is the perfect insulation for un- 
derground steam or hot water 
lines and frost-proofing for ex- 
posed lines. Made with tenon and 
socket joints, in lengths up to 
12 ft. 

In ordering, always specify shell 
thickness desired, sizes and kinds 
of metal pipes to be covered. 
Shipment from stock. Write for 
details. 

(All casings are tin lined for 
steam pressures exceeding 5 lbs.) 





Wyckoff’s Everlasting Redwood 
Tin Lined Casing 
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ACCOUNTING FOR PRIVATELY AND MUNICIPALLY OWNED 
WATER WORKS 
By LOUIS D. BLUM* 


Certified Public Accountant, New York City 


Accounting for privately owned water companies is prescribed 
by nearly all states of the Union, and in connection therewith, 
uniform classifications of account have been prepared by the 
several state regulatory agencies. 

While these classifications are usually compiled for the guid- 
ance of privately owned water companies, some states require 
municipally operated plants to maintain their records on a similar 
basis. The regulatory agencies require reports annually, or 
oftener, including financial statements and statistical operating in- 
formation. The information reported becomes a public record 
and is available as a reference in rate controversies or other 
matters wherein the interests of the state or water patrons are 
involved. 

A uniform classification of accounts for water utilities has been 
prepared by a committee of the National Association of Railway 
and Utility Commissioners. This basic feature of this classifica- 
tion were recommended for adoption by state commissions at 
the annual meeting of the Association in Atlanta in 1921. It was 
later revised at a-convention held in Detroit in November 1922. 

In some states this classification was used by privately owned 
water works operators prior to the states’ commissions taking 
jurisdiction over water companies. 

The Public Service Commission of the State of New York 
took over the jurisdiction of water companies as of July 1, 1931. 
Under the Public Service Law, municpalities are not required 
to use the uniform classification although they are required to 
submit reports periodicaliy to the Public Service Commission. 

In order to avoid the difficulties which would be encountered 
in attempting to cite differences which appear in the existing 
classifications of the several states, the remarks herein are made 
with respect to the classification adopted by the National Asso- 
ciation of Railway and Utility Commissioners and, in the opinion 
of the writer, such remarks apply with equal effect to munici- 
pally owned as well as privately owned plants. 


Bookkeeping 


300ks of account should be kept by the double entry method, 
which is generally accepted in modern business. The records to 
be kept by a utility should consist of general books of account 
together with such supporting information as may be necessary 
to identify and verify the records of transactions. 

Balance sheet accounts should be kept for each class of asset 
and liability. And, in keeping with the present day accounting 
methods, controlling accounts should be provided for such assets 
as plant and property, accounts receivable, materials and supplies, 
investments, notes payable, accounts payable, consumers’ deposits, 
etc. Each controlling account includes debits and credits repre- 
senting the monthly total of transactions falling within the par- 
ticular classification as indicated by the caption of the account. 
Subsidiary records should be maintained, supporting the control- 
ling accounts in detail, which should be balanced with the con- 
trolling accounts at periodic intervals. 

A pro forma balance sheet, as suggested in the classification of 
accounts adopted by the National Association of Railway and 
Utility Commissioners, is presented herewith. The accounts 
designated by an asterisk were selected for comment because 
these represent accounts peculiar to water utility operation: 


Liability Side 
Capital stock. 
Premium on capital stock. 
Long term debt. 
Receiver’s certificates. 


Asset Side 
*Fixed capital. 


Current Assets: 
Cash. 
Notes receivable. 
*Accounts receivable. Current Liabilities: 
Interest and dividends receiv- Notes payable. 
able. Accounts payable. 
*Materials and supplies. *Consumers’ deposits. 





*Prepared especially for this issue by Mr. Blum, who is Chair- 
man of the Finance and Accounting Division of the Am. Water 
Works Association. 


Asset Side 


Prepayments. 
Miscellaneous current assets. 


Liability Side 
Matured interest unpaid. 
Dividends declared. 


Miscellaneous Assets: Matured long term debt u- 


i — ~ ys 7 paid. 
Investments in affiliated com Miscellaneous current liabili- 
panies. ties 


Miscellaneous investments. 
Sinking funds. 

Replacement fund. 
Miscellaneous special funds. 
Special deposits. 


Accrued Liabilities: 
Taxes accrued. 
Interest accrued. 
Miscellaneous accrued liabili- 


: ties. 
Suspense: é , 
Unamortized debt discount "ae s from affiliated com- 


and expense. 
*Property abandoned. 
Jobbing accounts. 


Reserves: 
*Retirement reserve (deprecia- 


*Clearing or apportionment ac- tion). 
counts. Casualty and insurance re- 
*Work in progress. serve. 


Unamortized premium on 
debt. 

Sinking fund reserves. 

*Contributions for extensions. 

Contingency reserve. 

Miscellaneous reserves. 

Miscellaneous unadjusted 
credits. 

Profit and loss-surplus. 


*Miscellaneous suspense. 


Adjustment Accounts: 
Discount on capital stock. 
Reacquired securities. 
Treasury securities 
Profit and loss-deficit. 


Fixed Capital 


Subsidiary property records should be maintained for each 
classification of property to show the original cost of the proper- 
ty at date of installation in total; and, further analysed to show 
the cost of materials, labor, interest during construction, taxes 
during construction, overheads and other items of cost. All 
additions to plant account should be evidenced by job authoriza- 
tions showing the estimated costs as to materials, labor, over- 
heads, etc. 

Retirements of plant should also be evidenced by proper auth- 
orizations and adjustments of the accounts made as property is 
taken out of service. 


In order to have complete information available regarding 
plant additions, engineering records should be maintained, so as 
to disclose average costs of units installed. In addition to the 
money values representing plant additions, records should also 
be maintained as to quantities of equipment with full descriptions 
as to sizes, material of which constructed and locations. This 
information is essential in connection with the retirement of such 
property as mains, tanks, services and hydrants. Upon the com- 
pletion of additions, an analysis of costs should be made for the 
purpose of comparison with estimated costs as set forth in the 
job authorizations. 


Accounts Receivable 


Accounts receivable in water utilities are usually handled by 
either of two methods, namely, ledger account or stub-billing. 
The ledger method is familiar, inasmuch as it represents the 
usual type of customer accounting used by most business enter- 
prises. The stub-billing method consists of a bill with stubs at- 
tached and perforated, the detachable stubs being designed to 
represent the customer’s account, customer’s receipt and, in some 
cases, a delinquent follow-up notice. Bills are usually addressed 
by machine from stencils, and in the case of flat rates the amount 
of the bill is printed at the same time that the name of the cus- 
tomer is printed. Where the service charge is based on actual 
consumption the bills must be prepared and computed manually 
and in most cases billing machines are utilized. Upon the com- 
pletion of the bills they are proved, and the ledger stub which 
forms. the utitity’s Accounts Receivable record is detached. In 
the case of arrears, proper notation is made on the bill and 
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ledger stub before the bill is sent to the customer, and in that 
manner the ledger-stub and bill always indicate the balance due. 
As payments are received the ledger-stubs are removed from 
the file and the remaining ones represent the unpaid customers 
balances, which should agree in total with the controlling account 
in the general ledger. For further information regarding custo- 
mer accounting for utilities, reference should be made to the 
numerous articles which have been prepared on the subject. One 
of the most recent articles in this connection, entitled “Utility 
Accounting Methods” by Mr. Raymond E. Lee, appeared in the 
“Journal of the American Water Works Association” for the 
month of March, 1936. As to the preference of one method 
over another, a study was made by Mr. Hal F. Smith of the 
Detroit Department of Water Supply, which was incorporated 
in a paper entitled “The Trend of Customer Accounting Prac- 
tice,” which is to be presented at the convention of the Ameri- 
can Water Works Association in Los Angeles during the month 
of June, 1936. 

Some of the manufacturers of accounting machines have de- 
veloped time saving systems and usually are glad to cooperate 
with a utility contemplating the adoption of machine book- 
keeping for either the ledger or stub-billing method. 


Materials and Supplies 


Store records should be kept in detail, so as to disclose full 
information with respect to each class of item on hand. The 
records should include information as to materials and supplies 
received, such as the date of purchase, quantity, size, price, de- 
scription, and similar information with respect to materials 
issued. The information with respect to issues should identify 
the jobs for which the material was used. No materials should 
be issued without requisitions properly authorized. Where ma- 
terials are purchased at different prices, issues may be made at 
actual cost prices on the basis of “first in, first out,” or average 
prices. All returns to stores should be properly accounted for 
whether representing unused material returned, or replaced 
property fit for further use. The property should be returned to 
stores at the issued value unless otherwise provided for by the 
Utility Commission. 


Property Abandoned 


In connection with the destruction, abandonment, obsolesence 
or other extraordinary condition, it often becomes necessary for 
a utility to expend large sums to replace the property at a time 
when such loss has not been provided for through a reserve. 
Some commissions, upon application, may permit a water utility 
to charge such extraordinary expenditures to “Property Aban 
doned” account and amortize them through periodic charges 
against income over a determined period of time. 


Clearing or Apportionment Accounts 


These accounts are maintained for the purpose of carrying 
overhead items, storeroom and transportation expenses pending 
distribution to either expense or plant account. Ordinarily 
these accounts do not appear in the balance sheet at the close 
of a fiscal period for the reason that some commissions require 
that they be absorbed in transactions occurring during the year 
in which the expenses arose. 


Work in Progress 


An account is provided for unfinished construction which 
should include expenditures on open work orders representing 
additions to plant and equipment. The completed construction 
is cleared from this account from time to time into the regular 
property accounts. 


Miscellaneous Expense 


This account is usually charged with items with respect to 
which the final disposition will not be known until some future 
time. Types of items usually charged to this account are, ten- 
tative or preliminary surveys, designs, investigations, etc. Upon 
determination of the proper accounts to be charged, the items 
should be cleared from this account. 


Consumers’ Deposits 


_ This account appearing under the caption “Current Liabilities” 
in the balance sheet represents the refundable deposits paid in 
by consumers as security in connection with the installation of 





service and water bills. Some commissions provide for interest 
on such deposits, and in such cases credits therefore should be 
made to the individual consumers’ accounts and included in total 
in the balance sheet item. Where bills for service are not paid 
in accordance with agreements, deposits should be applied there 
against at periodic intervals during the accounting period. 


Retirement Reserve 


An appropriate reserve for retirements of plant should be 
maintained and increased annually in accordance with the utility’s 
policy with respect thereto. Property retired from service, to- 
gether with the cost of dismantling, less the salvage value, should 
be charged to this account. 

Accounting for renewals and replacements of items of plant, 
and property representing something less than a major unit, as a 
rule, is a matter of policy with the utility operator. In some 
instances renewals and replacements under a fixed amount are 
charged to maintenance, whereas expenditures in excess of such 
fixed amount are charged to retirement reserve. Some commis- 
sions require water utilities to submit a list of the major units 
of property for the purpose of disclosing its policy with respect 
to the accounting for renewals and replacements. 


Contributions for Extensions 


This account should be credited with contributions made by 
consumers in money or property for the purpose of reimburse- 
ment of the cost of extensions of facilities. These contributions 
are usually required in cases where the income from extensions 
of plant is insufficient to justify their installation. In some cases 
contributions are made voluntarily and in other cases are re- 
quired by the utility in connection with the giving of service. 
Credits to this account should represent contributions received 
which are non-refundable. In the event that consumers make 
advances to cover construction costs which are to be repaid 
wholly or in part, the credit should be carried in an account ap- 
propriately designated or, if the items are not sufficient in num- 
ber, they may be carried in the account designated “Miscellane- 
ous Unadjusted Credits.” 

Accounting for assets and liabilities other than those repre- 
sented above is identical with accounting for similar items in 
other lines of business. 


Income Accounts 


Below is a pro forma income account as suggested in the uni- 
form classification adopted by the National Association of Rail- 
way and Utilities Commissioners : 


Income from Operating Properties: 


Operating revenues. 

Operating expenses. 

Uncollectible bills. 

Taxes. 
Total revenue deductions. 

Operating income applicable to corporate and leased proper- 
ties (carried forward). 

Operating income applicable to corporate and leased property 
(brought forward). 

Rent for lease of water plant (other) 

Joint facility rents. 
Total. 

Rent accrued from lease of water plant—Cr. 
Net rent deduction (credit balances in red). 

Balance of income applicable to corporate property. 


Income from Non-Operating Properties: 


Miscellaneous rent revenues. 

Interest on long term debt owned. 

Miscellaneous interest revenues. 

Dividend revenues. 

Income from special funds. 

Miscellaneous non-operating revenues. 
Total. 

Non-operating revenue deductions. 
Total miscellaneous income. 

Gross corporate income. 


Deductions from Gross Corporate Income: 


Interest on long term debt. 

Miscellaneous interest deductions. 
Amortization of debt discount and expense. 
Amortization of premium on debt—Cr. 
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Miscellaneous amortization chargeable to income. 
Miscellaneous deductions from gross corporate income. 
Total deductions from gross corporaté income. 
Net income (loss in red). 


Disposition of Net Income: 
Sinking fund appropriations. 
Dividend appropriations of income. 
Miscellaneous appropriations of net income. 
Total appropriations of net income. 
Balance transferred to surplus. 


The above form of account seems to meet ordinary require- 
ments and agrees materially with classifications adopted by most 
of the regulatory commissions. However, some of the more re- 
cent classifications require that operating revenues be segregated 
into classifications such as metered, flat rate, public fire protec- 
tion and miscellaneous operating revenues. 


Expense accounts are usually segregated as to each operation 
which usually consists of source of water supply expenses; 
power and pumping; purification; transmission and distribu- 
tion; commercial and new business; and, general and miscel- 
laneous expenses. The above named operating accounts should 
be further broken down to show superintendence, labor, materials 
and supplies used, maintenance, and miscellaneous. Commercial 
and new business, and general and miscellaneous expenses, should 
be supported by sub-accounts for salaries and other items which 
customarily are found in mercantile or manufacturing company 
accounts. 


Regulatory Commission Expenses 


Expenses incurred in connection with transactions with gov- 
ernmental regulatory commissions such as fees and expenses of 
attorneys, engineers, employees, etc., are usually charged to oper- 
ating expense during the year in which paid or incurred. In 
the event of large expenditures in connection with rate-hearings 
some commissions permit these expenses to be amortized over a 
definite period of years. This, however, is usually not permitted 
without the approval of the commission. 


Uniform Classification and Municipal Plants 


The accounts of municipally operated water plants are not 
required to be kept in accordance with the uniform classification 
prescribed by some of the regulatory commissions. Accordingly, 
the operations of municipally owned plants may appear more 
favorable under the method of accounting adopted by them than 
would result if the same method for accounting were used as 
required of privately owned plants. The cost of service by a 
municipal plant is often compared with the cost of service ren- 
dered by a privately owned plant, by advocates of municipal 
ownership. These advocates sometimes advance arguments that 
municipalities can supply service at lower costs to consumers. 
Upon investigation of the accounts of a particular municipality, 
which claims that it operates profitably, it may develop that if 
the plant operated under conditions comparable to a private plant, 
a loss from operations would result. Some of the items enter- 
ing into the cost of operation of a privately owned plant which 
ordinarily are not considered by a municipally operated plant 
are: real and personal property taxes, franchise taxes, income 
taxes and other forms of local and state taxes. Ordinarily mu- 
nicipalities do not charge their income account with a provision 
for retirenients. In lieu thereof, it is a practice of some munici- 
palities to charge the income account with sinking fund contri- 
butions for the retirement of water bonds. Ordinarily municipal- 
ly owned plants are not called upon to expend large sums for 
regulatory commission expenses, which in many cases are oc- 
casioned by action of the consumers in an attempt to reduce pres- 
ent water rates which are already fair, and eventually conceded 
as such by the commission. In some municipalities the interest 
on water bonds is provided for out of general tax revenues and 
does not appear in the expense account of the water department. 
As a result of improper accounting many municipalities render 





service at a cost to the consumer of less than could be charged 
under private operation. In some cases the operating deficits of 
municipally owned water properties are reimbursed out of gen- 
eral tax revenue which shifts the operating loss of the water 
department to all real-property owners. This is manifestly un- 
fair, inasmuch as an owner of real-property who is a non-user of 
water must contribute through general taxes to the support of 
the water department, whereas the large consumer obtains water 
at less than cost and is thereby benefited. 


The above arguments appear to justify the recommendation 
that the accounts of municipally operated water plants be main- 
tained in accordance with the classification of accounts under 
which privately owned plants are required to keep their records, 
Taxpayers will then be able to decide more intelligently upon 
the advantages or disadvantages of municipal operation of a 
utility. Furthermore, valuable statistics, combining the ex- 
periences of both classes of ownership, could be compiled by 
regulatory commissions or other agencies. Information of this 
nature should prove useful and beneficial in connection with the 
operation of water systems. 





Representative Water Rates 


That where water is the dearest it has been made available at 
such comparative low cost to consumers is a situation stressed in 
its publicity releases to consumers by Los Angeles’ Department 
of Water and Power. 

What the Official Bulletin “Water and Power” has to say to 
Los Angeles water takers is of interest. 

“Water and Power” has the following to say: 

“Los Angeles consumers pay the low rate of 13 cents for 100 
cu. ft. (750 gallons) of pure water brought in from mountain 
streams 250 miles distant. For the same amount of water the 
average charge in 183 of the larger cities in the United States 
is 18 cents.” 

The following rates charged by representative cities are cited 
in comparison: 


San Francisco......... 28 cents Youngstown, O. ..... 20 cents 

Pittsburgh, Pa. ....... 25 cents Co Se oO eee 19 cents 

Indianapolis, Ind. .....22 cents Boston, Mass. ....... 15.4 cents 

Des Moines, Ia........ 22 cents t.. ROG, Bee vsccccs 15 cents 
BOG BONES 20 cccccesess 13 cents 


Any municipality which can show a rate below the 18 cents 
per 100 cu. ft. average in 183 representative American municipal- 
ities would do well to utilize the figures quoted, release the 
“story” to the local press and distribute reprints of this “news” 
with its water bills. 





WATER AT YOUR TAP AT LESS THAN 5¢ A TON/ 
eens, eae 
hi ete a lil © 
SEEGER. .........9 


SEGGEEEEEEE..... 0 
SERRRRERREEEEES OD 


EACH BARREL REPRESENTS ONE 52 GALLON MEASURE 


[The above has been used by the Los Angeles Water Bureau 
to stress the cheapness of water at 11 barrels for a dime and 
no haulage to pay—Ed.] 
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“WATER WORKS KINKS”* 


By E. E. JACOBSON! and CLARK CRAMER? 


‘Chief Engineer and *Station Engineer 
Lexington Water Co., Lexington, Ky. 


Many of the things described in this paper are not new but 
are from a number of widely scattered plants and in some 
cases are truly “kinks” in that they constitute an individual’s 
solution of a problem that confronted him. This paper is pre- 
sented with the purpose of paying tribute to the originators of 
these “kinks” and with the hope some of the suggestions may 
be of help to those who have similar unsolved problems. 


We wish to acknowledge the help of Mr. Martin E. Flentje, 
Superintendent of Purification, Community Water Service Com- 
pany, for his many suggestions, pictures and prints furnished 
with this paper. 


Application of Chemicals 


It is often necessary to improvise the means of adding chemi- 
cals to a supply at some location where it is not convenient or 
practical to use a dry feed chemical machine. Barrels are quite 
commonly used, but without a constant head orifice box the feed 
cannot be set so as to be relied upon, because of the variation 
due to a changing head. By one of the engineers of the Penn- 
sylvania Health Department, we were introduced to a rather 
ingenious emergency float valve arrangement that made such a 
solution feeder easy to make. An ordinary barrel is set up, and 
to the outlet pipe is connected a heavy walled hose of any kind 
—a piece of common garden hose, for instance. Placing a float 
ball or stoppered bottle on the outlet end and cutting a slit 
crossways, in the upper side, of the hose, will provide a good 
enough means for controlling the flow into an orifice box for 
emergency use. When the level in the orifice box is lowered, 
the float will drop and gradually open the slit cut in the hose 
and allow more solution to flow through. When the float does 
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Equipment Used to Introduce Alkali, Dechlorinating or Other 
Solutions Into Mains, Under Pressure— 
New Rochelle (N. Y.) Water Co. 


the opposite this slit will close and practically stop the flow— 
thus the constant level is fairly well maintained in the orifice 
box. 


Pumping Constant Amounts of Chemical 
Solution Into a Main Under Pressure 


A device is employed by the New Rochelle Water Company 
to apply soda ash to water under pressure. In this, use is made 
of duplicate storage tanks, a constant head orifice box, a de- 
livery tank, and a plunger pump which draws from the delivery 
tank and delivers to the main. The pump operates against the 
constant head in the transmission main and, by means of a float 
controlled valve in the delivery tank, pumps either into the main 
or through a by-pass back into the tank. Thus the chemical 
solution added to the water in the main is just the amount fed 


ee. 


*Selected “Kinks” from an article in WATER WoRKS AND SEWER- 
AGE, June, 1934. 





into the delivery tank by the orifice box and the delivery tank 
serves as the pump intake reservoir. Designed by Mr. J. G. 
DeVeau of the New Rochelle Water Company, it has been suc- 
cessfully used for a number of years. 


Applying Chlorine Directly From 
Cylinders to Reservoirs 


Chlorination of distribution reservoirs or impounding reser- 
voirs is often desirable. This can, of course, be done by the 
use of chloride of lime, or such compounds as HTH, Per- 
chloron, etc., but these are not always available, whereas prac- 
tically every plant has on hand liquid chlorine in cylinders. 
Chlorine gas, however, must be fed into water at considerable 
depths, and anyone who has tried to apply it from a boat or 
under shallow depths will know what a disappointment such a 
procedure is. To Messrs. Ed Trax and Gerrit Buchanan of 
McKeesport, Pa., goes the credit of having developed a means 
of using gaseous chlorine under such conditions. A chlorine 
delivery hose is connected to the chlorine cylinder placed for- 
ward and reclining in the boat. The hose is run to discharge 
chlorine just below the propeller blades of an outboard motor. 
Such an arrangement with the outboard motor operating at a 
fair speed will prevent chlorine from coming to the surface, 
even when sufficient chlorine is applied to freeze up the outlet 
end of the hosef. 


Laboratory Kinks 


Use of Aluminum Foil to Cover 
Bacterial Sample Bottles 


The use of cloth over the tops of water sample bottles is well 
known, and a number of laboratories have long used a lead or 
tin foil that does quite well in protecting the sterile top in han- 
dling. It is probably not so well known that aluminum foil can 
be obtained and used for this purpose, and that it is very satis- 
factory. A foil having the following dimensions has been found 
very satisfactory, and each square can be used for several ship- 
ments, if handled with reasonable care. 

Foil for ordinary 2 oz. glass stoppered water sample bottles: 
Alcoa Aluminum Foil can be had in sheets of .0015 in. (thickness) 
and 5 in. square (Aluminum Co. of America). One pound con- 
tains approximately 300 sheets and the price is very nominal, 
being approximately 80c per pound. 


Standard Lime Solution 


A saturated lime solution may be used as a standard for 
measuring the lime required to correct the pH of a certain 
water or for any such practical purpose, such as softening, 
without weighing and going to the trouble of making up an 
absolutely standard solution. One cc. will contain 2.2 milli- 
grams of lime or lIcc. equals practically 10 p.p.m. if applied to 
200 cc. of water sample. The addition of a coagulant will as- 
sist in clarification of the saturated lime water which can be 
thus filtered through absorbent cotton. 


Running Iron Tests 


In laboratories not having permanent iron (color) standards, 
it appears to be common practice to set up a series of stand- 
ards of different increasing values for each test or series of 
tests for iron. It is possible to make such determinations with- 
out using more than one standard tube, by simply adding the 
acid, permanganate and thiocyanate to this one standard and 


+A word of precaution is in order. Chlorine ice blockage of the 
hose outlet may cause sufficient pressure on the hose to result in 
rupture. Heavy pressure hose and some form of pressure indi- 
cator should be employed. Ye Ed. speaks from experience— 
almost disaster.—Ed. Note. 
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then adding increasing quantities of the standard iron solution 
to it. By comparing the solutions under test in the order of 
increasing iron content considerable time and labor can _ be 
saved. This method is not absolutely correct, checks made on 
if according to Standard Methods indicating a possible error 
of approximately 10 per cent. 


Plant Equipment 
Measuring Sludge in Basins 


Measuring the depth of sludge in a settling basin and deter- 
mining its character is often desirable in a water plant. For 
this purpose, at the Lex- 
ington Water Company 
plant. the following device 
has been developed. A 
Crane air-release valve is 
connected to a_ standard 
coupling into which is 
packed an ordinary boiler 
gauge glass tube of any 
desired length. Lowering 
this slowly into the basin 





displaces the 
through the 
and collects 
tive sample 


air in the tube 
release valve 
a representa- 
of the sludge 





and water in the basin. In 
drawing it out the release 
valve prevents air from 
entering and confines the 
sludge and water giving a 
visual picture of the basin 
contents at various depths. 
The tube can then be emp- 
tied by simply upending it. 


 qrosgtea goss 


Sludge Measuring and 


Sampling Device 


Control of Filtration Rate in Old Tub Filters 


Many old filter plants still have wooden tub filters or other 
types, on which no controllers were placed when installed— 
or if installed, have become obsolete and unworkable. This 
had happened at the Lexington, Kentucky, plant and controlling 
the rate of filtration in these filters presented quite a problem. 
Finally a practical substitute scheme was hit upon in which the 
constant level automatically maintained in the settled water 
basins ahead of the filters was utilized. By actual measure- 
ment the influent valve to each filter was set so that the water 
coming in could not exceed the accepted rapid sand filtration 
rate. The effluent valve is then so operated that the water in 
the filter tub is maintained at a constant level. The filter is 
washed when the effluent valve has reached the wide open point 
and the level of water in the filter box begins to rise above 
the fixed level. 


Water Heater for Chlorinators 


In sections of the country where the water temperature drops 
below 40 deg. F. chlorine ice usually forms on the inside of 
the bell-jar on the Wallace & Tiernan chlorinator. At the Lex- 
ington plant this trouble has been overcome by heating the 
supply of water to the chlorinator. The heater is made by 
welding a 10 inch section of 2 inch pipe over a 1 inch pipe, 
the steam being admitted into the chamber formed between 
the two pipes. A thermometer in the outlet of the 1 inch pipe, 
which indicates the temperature of the water to the chlorinator 
is very important so as to control the steam and not let the 


steam wie? 




















Chlorinator Feed-Water Heating Device 





supply water become so warm as to affect the hard rubber, 
The heater is by-passed during the warm months, and has 
proved most effective during the winter weather. 


Water Ejectors 


Feeding solutions such as chemicals with water ejectors has- 
caused trouble in many plants. This is not an economical 
method of feeding chemicals but under certain conditions is the 
most practical. In one plant the method of operating the 
ejectors was greatly improved by increasing the size of the 14 
inch discharge line to 3 inch and replacing in the discharge 
line all 90 degree ells with 45 degree ells or long radius bends, 
The discharge line should be so erected that a cleaning rod or 
long handle wire brush can be pushed through the pipe occa- 
sionally for cleaning without moving the equipment such as 
alum tanks or taking out the discharge pipe line. 


Distribution Kinks 
Thawing Fire Hydrants 


In extreme cold weather in Lexington, Kentucky, occasionally 
trouble is had with frozen fire hydrants. The Lexington Water 
Company supplies each piece of the city’s fire fighting equipment 
with a rubber stoppered quart bottle of concentrated sulphuric 
acid in a wood box. When the firemen find a frozen hydrant 
they pour the acid in the hydrant barrel through the hose 
nipple. The acid creates heat which dissolves the ice and the 
water pressure washes both melted ice and acid from the 
hydrant barrel. A frozen hydrant can be placed in operation 
in less than 2 minutes by the use of the acid. It has not been 
found that the acid after such short contact has any ill effect 
on the hydrant parts. 


Pipe Wrench With Bent Handles 


Turning pipe and fittings in the bottom of meter boxes or 
small vaults is inconvenient to say the least. Pipe wrenches 
with handles bent at 90 degrees from the side of the wrench 
and extension tee-handles welded to the end of the handle 
simplifies the pipe work in these close quarters. 


Freezing Lead and Soft Copper Service Pipe 


On house service pipe lines it is often necessary to make a 
repair between the main and the curb cut-off. In most cases 
it is not practical to get to the cut-off at the main or cut off 
the water in that section of town. Repairs may be made by 
freezing the lead service with a mixture of ice and salt, pro- 
viding there is no flow through the service line.*7 


Although not recommended for permanent repairs, wooden 
pegs made of soft poplar wood make very good emergency 
temporary repairs. 


Cleaning Metal Meter Parts 


When repairing meters the most difficult parts to clean are the 
intermediate gears and the register gears and dials. The method 
used by the Lexington Water Co. is to dip the gears in nitric 
acid, then dip in warm water, dip next in a half and half 
solution of nitric acid and sulphuric acid, washing again in 
warm water. The gears will be clean and bright after this 
acid treatment. 


In conclusion the authors of this paper wish to make clear 
that all of the “kinks” set forth in this paper are not original 
at Lexington, Kentucky. However, most of the “kinks” out- 
lined have assisted in solving certain problems in Lexington. 
No doubt every plant operator and water works superintendent 
has short cuts and ingenious devices for accomplishing certain 
things which would be a material benefit to other water works 
men. The authors hope that by the presentation of this paper 
it will lead to the publication of many more water works 
“kinks” and better ones than herein recorded. 


*7Solid carbon dioxide (dry-ice) may be utilized for more rapid 
freezing of services by placing it on and around the side of the 
pipe if care is taken in handling, to preclude frosting of fin- 
gers.—Editor. 
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THE ELIMINATION OF CHECK VALVE SLAM 


By H. K. PALMER* 
Los Angeles, Cal. 


The slamming of check valves when pumps are stopped con- 
stitute a source of annoyance and often of expense to water works 
or sewage works, and allied institutions. Many check valves have 
an annoying habit of slamming when it is least expected, while 
others placed on long lines may close quietly. Too sudden closing 
may easily cause a rupture in a pipe line, a feature which may 
be eliminated by inclusion of a large air chamber which will 
eliminate sudden pressure on the pipe but may cause such an 
abrupt closing of the valve as to crack the flap. 


Check valve slam produced by a surge in the water column 
causes water hammer, with its consequent damage. When a 
pump suddenly stops, the water tends to continue in motion due 
to its momentum, and the gage pressure drops to zero. The force 
tending to stop the motion of the water is proportional to the 
static head on the pump and such force produces a negative 
acceleration in the water column according to the formula: 

. F=>Ma 
where: F—= Force producing acceleration; M = Mass of water; 
a = Acceleration. 

Letting: A = Area of pipe, square feet; L = Length of pipe in 
feet; g— Acceleration due to gravity (32.2); w= Weight of a 
cubic foot of water (62.4 Ibs.) ; h= Static head on the pump; 
Hf=Friction head; H=Total head; t—=Tuime in seconds; 
v= Velocity in pipe: 

One may: compute the force producing acceleration as being 











F=>hAw 
And, the mass of water is found to be 
ALw 
_; aE 
Then: 
A Lw 
hA W= a 
g 
Or 
h 
a=——g (See Figue 1) 
I 


If v is the velocity in the pipe before the pump stops, the 
time (in seconds) required to bring the water to a stop will be 
Vv 
a 
If the flap can come to its seat in (t) seconds or less, it is 
obvious that the water cannot move backwards and as the 
flap is moving against the stream it will be cushioned. On the 
other hand if the flap does not have time to become seated 
within (t) seconds, the water will start backwards and the 

valve will close with a slam. 


Rapid vs. Slow Closing Checks 


It is obvious that what is desired is a valve that will close 
rapidly. One way to accomplish this is to have the valve seat 
inclined to shorten the distance the flap must move, and another 
is to use a valve with an extended hinge pin and arm so that 
the flap can be weighted. This weight prevents the flap from 
opening fully, causing a small increase in pressure, but accel- 
erates its return movement when the pump stops. On one test 
in which a four-inch pump was forcing water into a pneumatic 
tank under 65 pounds pressure, the slam was eliminated by 
hanging enough weight on the check hinge pin arm to increase 
the pumping pressure less than one-half pound. This repre- 
sented one of the most difficult situations for slam elimination 
because the pump line was short and there was little mass to 


the flowing water; thus in one controlling formula a=—, (a) 
. v 

was relatively large: and in the other formula t=—, (t) was 
‘ a 


relatively small. 


Where it is not practicable to close the check valve in less 
than time (t), the use of a slow closing valve should be con- 


*Chief Draftsman, Los Angeles County Sanitation Districts. 
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Arrangements of Air Chamber Installation to Eliminate Check 
Valve Slam and Water Hammer 


sidered, but such valves are expensive and must be so designed 
that the final closure is made very slowly. An air chamber 
will provide a cushion in case the valve does not close before 
the flowing water comes to rest and will protect the ‘pipe 
against excessive pressure. Immediately after the pump stops, 
the value of the shock absorbing compressed air in such cham- 
ber is its cushioning effect, which tends to maintain the gage 
pressure on the line instead of allowing it to drop to zero. It 
will thus delay the stopping of the water in the main pipe but 
the pressure being maintained close to the pump, where the air 
chamber will normally be placed, produces excessive accelera-: 
tion in the short length of pipe between the chamber and pump 
and although the valve will slam violently, the pressure on this 
section of the pipe will not be excessive. After the valve has 
slammed the water in the main pipe will slowly come to rest, 
and then back into the air chamber, the gage showing an oscil- 
lation about the static elevation, as a center, with maximum and 
minimum at approximately (h+ Hy) and (h—Hy). 

The air cushion in Fig. 1 has purposely been drawn much 
larger than is recommended in order to illustrate the conditions. 
If, instead, it consists of a piece of pipe of the same diameter 
as the discharge pipe and about two or three diameters in 
height it will not supply enough water to permit any to flow 
backward through the check valve, thus avoiding a slam and at 
the same time preventing excessive pipe pressure. A surge will 
es ” with a maximum pressure of (H = 2h) and minimum 
(i = 6). 
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A Successful Arrangement 


An air chamber arrangement which has been found to work 
very successfully is shown in Fig. 2. “A” is the main line 
check valve, “B” a check valve into the air chamber which 
should be nearly as large as “A” and set to allow water to 
enter the chamber. “C” is a gate valve or a plug cock smaller 
than “B”. “C” must be opened or closed by trial until it limits 
the flow of water from the air chamber enough to prevent 
slamming of valve “A,” and thereafter left in that position. 
The limited supply to the pipe damps out the surge, yet check 
valve “B” is large enough to admit a full stream to the air 
chamber and thus prevent excess pressure on the return flow. 
To correct slam in an existing check valve, an air chamber 





can be built into the cover plate of the valve (Fig. 3). Care 
must be taken to so adjust the size of such a chamber that syf- 
ficient water is returned to close the flap by the time the water 
comes to rest but not sufficient to produce a slam. 

This investigation was made about five years ago by the 
writer for the Los Angeles County Sanitation Districts and the 
data obtained applied to the correction of a number of troy- 
biesome conditions where valve slam was a problem. 

The writer is indebted to E. A. Rutledge of the Rensselaer 
Valve Company for testing the formulae on many successful 
water works installations. A. K. Warren is Chief Engineer 
and General Manager of the Sanitation Districts and A. M. 
Rawn is Assistant Chief Engineer. 





USE OF INHIBITORS IN CLEANING METALLIC PIPE 


By ALLEN ABRAMS* and C. L. WAGNER* 
Rothschild, Wis. 


Water pipes in certain sections of the country are likely to 
become clogged by corrosion or deposits from the water. In 
many cases this has required replacement of the pipes, a pro- 
cedure which is often costly due to the necessity of tearing 
out walls and floors. As a result there have been attempts to 
clean pipes by the use of muriatic or other acids with the 
intent to leave the acid in just long enough to remove the scale 
and yet not long enough to attack the pipe itself. This, how- 
ever, is a questionable expedient and may be more expensive 
than the replacement of the pipes. 

During the last decade considerable interest has been shown 
in the use of inhibitors in pipe cleaning operations involving 
acid treatment. These are usually nitrogenous materials such 
as aniline or pyridine; and, even glue and flour have been 
used. When small quantities of such substances are added to 
an acid solution the resultant mixture will attack rust or scale 
but will have practically no effect on the pure metal itself. 
Wide use has therefore been made of this principle in the acid 
process of “pickling” metals to effectively remove scale while 
rendering the loss of metal underneath almost negligible. 

An example is also given of the use of this principle in 
cleaning the pipes of a thirty-five story office building located in 
downtown New York.’ 

Many of the pipes were concealed behind expensive marble 
walls and it was estimated that it would cost between $100,000 
and $300,000 to replace this piping, not to mention the serious 
inconvenience to tenants. By the use of an acid-inhibitor com- 
bination the whole cleaning operation was carried out on Sat- 
urday afternoon without inconvenience to the tenants. The 
pipes were returned to practically their normal condition of 
carrying capacities and the cost of the operation was but 
nominal. 


This method attracted our attention in 1927 and we made 
initial tests to determine how effectively inhibitors would reduce 
the action of acid on the metal. In parallel tests on galvanized 
iron pipes 16 per cent muriatic acid was used alone, to com- 
pare with the same acid containing 3 per cent of an inhibitor. 
Fqual lengths of pipe were allowed to stand in each solution 
for six hours. At the end of that time the pipe in muriatic acid 
had lost 50 per cent of its weight while that in the inhibited 
acid had lost but 0.2 per cent of its weight. We were then 
satisfied that the inhibitors would effectively prevent destruc- 
tion of the pipes by such acid when submerged for a relatively 
short period. 


Working Demons Fractious 


Not long afterwards two lengths of pipe, leading from the 
basement of our main office to the second floor became filled 
with rust and other deposit, completely stopping the passage 
of steam. It would have been relatively expensive to replace 
this piping and we therefore opened the two lengths at the top 





*Department of Research and Development, Marathon Paper 
Mills Co., for which the senior author is Technical Director. Mr. 
Wagner is chemist. 

‘Removing Rust from a System with Piping Acid,” F. N. 
Speller, E. L. Chappell and R. P. Russell—Chem. and Met. Engi- 
neering, July, 1927. 


and cleaned them by pouring in inhibited acid, allowing it to 
work its way through. One overnight treatment, followed by 
a thorough flushing was sufficient to clean these pipes and ne 
further trouble was encountered. 

Early this year the Marathon County Board decided that it 
would be necessary to tear out and replace all the water piping 
in the Mount View Sanatorium due to the fact that it was so 
stopped up that it was impossible to get an adequate water 
supply through the system. When the matter was brought to 
our attention we suggested that an attempt be made to clean 
several lengths of this pipe and a decision could then be made 
as to the further course to be pursued. 

Twenty-five gallons of 14 per cent muriatic acid were treated 
with 3 per cent, by volume, of the inhibitor.tt The treated acid 
was placed in a barrel to which was connected the suction ‘of 
a small rotary pump. The acid was then forced upward from 
the basement to the second floor through a length of one-inch 
pipe, thence through a cross-over and down through another 
length of pipe to the basement. The returning acid passed 
through a fine screen to remove any dislodged particles and 
thence to the solution barrel. 

At the beginning of the test a considerable amount of solid 
material was dislodged from the pipes and it was almost im- 
possible to force the acid through. The pipes were then opened 
on the second floor, the acid mixture was poured in and al- 
lowed to flow by gravity until the pipes were filled. The bot- 
tom openings were plugged, the acid allowed to stand for eight 
hours and the acid withdrawn and the pipes thoroughly flushed. 
Examination indicated that the scale had been practically com- 
pletely removed. 


Control Procedure 


In order to determine how effectively the cleaning was being 
done, three 6-inch lengths were cut from a 1-inch pipe, which 
was so clogged with rust and dirt that it was barely possible 
to get a pencil into the opening. One of these pipes was re- 
tained without treatment and the other two were connected in 
the circuit through which the acid was being pumped. At the 
end of about two hours one length of pipe was removed and 
found to be almost completely clean except for small patches 
of rust on the walls. After ten hours the other length of pipe 
removed for examination proved to be entirely free of rust and 
scale and there was no apparent action on the metal itself. 

In the cleaning operation approximately 2,800 feet of pipe 
were treated, ranging from ™% inch to 4 inches in diameter. 
Estimates by George Baumgardt, who was in charge of the 
plumbing work, showed that the total labor costs were $870, 
while the cost of acid and inhibitor was approximately $20—a 
total of $890. Mr. Baumgardt estimated that the cost of re- 
placing the piping would have been: 


Galvanized pipe fittings and valves.............. $1,000 
Wad: Tae MNO £5 oe tic oor oes ba ndatickege 5,000 
Plaster, concrete floor and repainting........... 2,500 

NE tice atic adress aiew bab nce ee te one ore $8,500 


+¢Inhibitors are available, from several of the larger chemical 
companies—Barrett & Co., Monsanto Chemical Co., General 
Chemical Co., et al. 
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AN IMPROVED METHOD OF FILTER WASHING* 
By JOHN R. BAYLIS 


Associate Editor, Water Works and Sewerage 


Probably the main advantage of the very high rate of wash, is 
that it lessens the tendency of mud balls to clump together in 
the bed. 

There is an advantage in using a rate of wash which will les- 
sen the tendency for mud balls to clump together, and if no other 
or a more effective method is going to be devised to keep filter 
beds clean, then it is advisable to use a 35 to perhaps 50 per cent 
expansion of the filter bed. Warning should be given, however, 
that this rate of wash will not prevent the formation of large 
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Typical Section of Filter with Surface Wash. 


clogged places in many, if not most filter beds. Furthermore, 
where this is the case, there is great danger of disturbing the 
gravel layer when employing a very high rate of wash. 

There is so much danger in the use of rates of washing which 
will expand the bed in excess of 40 per cent, that such a proce- 
dure should be used only where the beds are watched very closely 
and the clogged areas are dug out as soon as it is known that 
they have formed. 

When the rate of wash is less than 25 per cent, the mud balls 
will at first remain within the top 2 or 3 inches of the bed, and if 
they become very numerous, which they do at certain times in 
most filters, they are so close together, they may touch each 
other. After the filter is put back into service, the pressure on 
the bed, due to the loss of head increasing, combined with addi- 
tional coagulating material being deposited around the mud balls, 
may cause them to agglomerate to form a large mud ball. When 
the mud balls are formed to considerable size from a combination 
of a number of smaller mud balls, they have considerable sand 
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Typical Section of Filter with Surface Wash. 


encased in them, which usually makes them heavy enough to 
force their way to the gravel surface during the washing period, 
even though there is not much expansion of the bed. 

The writer has observed mud balls several inches in diameter 
on the surface of filters in two orethree filtration plants. Where 
such large ones form and do not sink down into the bed, it is 

“Excerpts from_an article by Mr. Baylis, “Washing Rapid Sand 
Filters —WaATER WoRKS AND SEWERAGE, July, 1935. The surface 
wash scheme described was developed by Mr. Baylis and proven 
In the Chicago Experimental Filters. 


due to the fact that they are built up in a manner which encases 
very little of the sand; that is, they are not the result of a num- 
ber of mud balls uniting, but to individual mud balls gradually 
gathering material and increasing in size. Very large surface 
mud balls probably are due to lack of properly conditioning the 
water before it reaches the filters, or to a poor washing system. 
They are usually found where a large amount of the coagulated 
material reaches the filters. 


The Surface-Wash Method 


The surface-wash scheme involves the installation of a sys- 
tem of pipes located over the sand bed in a manner to project 
jets of water. under considerable pressure into the upper sand bed 
while it is being washed. The accompanying sketches illustrate 
a surface washing system which has given satisfactory results. 

















Arrangement of Jets in Surface Washing System. 


The surface wash water manifold may be passed along the cen- 
ter of the filter above the wash water troughs with laterals taken 


off approximately 2 feet apart. The pipes may be supported by 
the troughs or by supports at the top of the filter tank. At about 
2-foot intervals, 1 inch pipes project downward to within 4 inches 
of the surface of the sand. Caps, preferably of brass, are screwed 
over the ends of the pipe. The caps are perforated with 3/16 
to 1/4 inch holes. Four of the holes are made to project the 
water at an angle of about 35 to 40 degrees to the horizontal, and 
at right angles to each other. The 5th hole is in the center so as 
to project the water vertically downward. If the lateral pipes 
are 2 feet apart and the downward jetting pipes also are spaced 
2 feet apart, this will give 5 jets of water to every 4 square feet 
of filtering surface. 

There may be differences of opinion as to the size and num- 
ber of holes and the spacing of the jets and the illustrations are 
offered merely as suggestions of a suitable system. Where there 
is very little tendency of the water to form mud balls, the sur- 
face wash system need not be as elaborate as it should be for 
some other water which readily forms mud balls. It is evident 
that the pipes and cap may be smaller than are here shown if 
there is a high pressure of water, or if the pipes are located 
closer together. There is some question as to the pressure which 
should be applied. It should preferably be greater than that ordi- 
narily used for washing filters when the water is applied under- 
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neath the filter bed. A pressure gauge connected to one of the 
laterals should show a pressure of at least 10 pounds. Usually 
this is greater than the pressure available from the wash water 
tank, and water from some other source must be arranged for in 
many instances. 

Amount of Wash Water to Be Applied Through the Surface 
Wash—No definite rule can be set for the amount of water 
which should be applied through the surface washing system. 
The rate for some filters may be as low as 2 to 3 gallons per 
minute per square foot of filtering surface, or it may be as high 


ae 


as 7 to 8 gallons for unusual conditions. If there is no knowl- 
edge of the amount which should be required, the pipe system 
and supply arrangements should be made large enough to apply 
about 8 gallons per square foot per minute. About 5 gallons per 
minute will be sufficient for most conditions. If it is desired to 
increase it, drilling the holes slightly larger or increasing the 
pressure will be satisfactory; but, if it is desired to decrease the 
amount, new caps will have to be placed over ends of the Pipe. 


Summary 


Conventional methods of washing rapid sand filters heretofore 
employed have not kept the beds in satisfactory condition. 

An agitating force which will break up all mud balls as soon 
as they form is essential for keeping the sand bed in good con- 
dition. 

The rate of wash necessary to give 50 per cent expansion of 
the sand will not keep the filter beds in most plants in a condi- 
tion to be desired. There is no rate of wash which may be 
wholly applied from beneath the bed which will keep the filter 
bed in a desirable condition. 

A surface wash (scouring wash) in conjunction with a mod- 
erate rate conventional up-flow wash appears to be a practical, 
economical method of keeping filter beds in good condition. 

Water under 10 to 15 pounds’ pressure applied through 3/16 
to 1/4 inch jet orifices located about 4 inches above the sand sur- 
face (when filter is not being washed) to give about 5 gallons 
of water per square foot per minute will be sufficient for most 
filters. 

The application of wash water beneath the sand in the con- 
ventional manner should be enough to give an expansion of about 
20 to 30 per cent to the bed at a time when the surface wash is 
shut off. The combination of both washes usually will require 
but 12 to 20 gallons per square foot per minute, and this is not 
so great as to cause loss of sand over the wash-trough edges. 





Reconditioning Filters* 
By MAX U. PRIESTER 


Supt. of Filtration, Suburban Water Co., 


The problem of keeping filters in good condition is one with 
which most every plant has to deal. I will give you briefly 
the procedure used in reconditioning the filters at our plant, and 
some of the results obtained. 

In general, all the filters at our plant were in such condition 
that ordinary raking had little effect on them. The sand was 
stained and coated with manganese and iron. Mud-balls, and 
hard spots existed all through the filter. The sand would crack 
and pull away from the walls and had a tendency to build up 
at the ends of the filter and it was impossible to keep the sur- 
face level. Organic material was deposited all through the sand 
which even after routine washing gave off offensive odors. 


In the reconditioning process used at our plant the filter was 
first washed in the ordinary way. The water was then drawn 
down to within approximately 30 inches of the sand, and a so- 
lution of chlorinated lime was added and thoroughly mixed 
with the water. From 15 to 20 pounds of this material was 
used, representing a dosage of approximately 50 parts per mil- 
lion. The filter was allowed to filter to waste long enough to 
draw the chlorinated water down into the sand and gravel. 
Then the filter was allowed to soak about 48 hours with this 
solution thoroughly saturating the sand and gravel. At the 
end of this period the filter was given a very short wash, then 
drained empty and the sand dug into furrows to allow as much 
air as possible to be in contact with the sand. A filter was 
usually allowed to stand this way for a day or so to obtain 
as much drying as practicable. 


After this the sand was leveled and another washing given 
it. A connection was made to a fire hydrant on the high pres- 
sure line by means of a fire hose. This was reduced to a 1 
inch hose and to the end of this was attached a 1 inch pipe about 
8 ft. long. The filter was washed at a very low rate, just 
enough to have a flow into the wash troughs, and the pipe wash 
was begun. The pipe was handled by two men and continually 
brought up and down in the sand bed. It was pushed down 
to the gravel and brought up again over the entire bed. Thus 
the whole bed of sand was completely agitated and the pres- 
sure was in every part of the bed and carried down through 
the gravel with every vertical and horizontal movement of the 


Verona, Pa. 


pipe. A certain amount of care had to be taken to be sure 
that the gravel was not dislodged by this treatment. Inci- 
dentally, I might say that a 2 inch pipe was tried, but due to 
the pressure and weight it was too cumbersome to handle and 
greater efficiency was obtained when using the 1 inch pipe. 

When the washing was started the visible effect was astound- 
ing. Heavy dark clouds of manganese, mud, etc., were washed 
out. With every downward plunge of the pipe there seemed 
to be a cloud of material stirred up and carried away by the 
wash water. A small amount of sand was lifted into the wash 
troughs, but no appreciable amount. Finally after the filter 
had been thoroughly flushed all over, the water began to clear 
up and when the entire bed was cleared the pipe washing was 
stopped. We were then unable to locate any hard-spots or 
mud-balls. Upon examination the sand was visibly cleaner, the 
bulk of the stain had been removed and the sand was left over 
the entire surface of the bed. 

After the filter had been put back in service the effect of the 
special wash was more convincing. The filter washed much 
easier and cleaner. There was no cracking of the sand or pull- 
ing away from the side walls, and above all, the bed was ab- 
solutely free from odors. A very noticeable effect observed 
was. that of increased length of filter runs. 

On one filter chlorine was used. In this procedure the filter 
was filled to capacity and heavily dosed with chlorine gas. After 
as much gas as possible had been put into the water, and the 
water was drawn down into the sand and gravel. The remain- 
ing steps in the procedure was the same as when chlorinated 
lime was used. The results were practically the same. This 
method of reconditioning filters is not difficult, and yet it 1s 
very effective. Naturally, it is not a cure-all for all filter 
troubles, but the life of the filter and its effectiveness when in 
use is well worth the time and effort required to apply the 
treatment. 





{*The above procedure is very similar to that effectively _em- 
ployed at the Atlanta, Ga., plant which involves routine filling 
of the beds at 10 to 14-day intervals with chlorine solution. After 
24 hours standing the unit under treatment is washed. Only one 
unit is treated at a time.—Ed.] 
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RATING AND SAMPLING WELLS BY AN IMPROVED METHOD 





By PAUL F. HOWARD, M.S.* 


Boston, Mass. 


It is oft-times desired and of importance to ascertain the quan- 
tity and quality of water yielded by an individual driven well 
connected to other wells of a water system. Experience has 
shown that analyses of samples of water taken from individual 
wells by means of a hand pitcher-pump give false and meaning- 
less results, especially in relation to the iron content. Likewise 
the yield of an individual well by means of separate pumping 
furnishes but little if any information as to the yield of the in- 
dividual well when ganged together into a common system. 


The writer’s firm was engaged to investigate a water supply 
from about 90 driven wells. During the course of the work it 
became desirable to determine the yield of each individual well 
and the iron content of the water from each individual well un- 
der normal operating conditions. This was done by a device 
which we have called a Well Rater and Sampler. The device 
(see cut) was connected to the top of the well by a 2% inch 
wrought iron pipe about 2% feet long. At this point a 1% 
inch centrifugal pump was connected by the proper fittings and 
discharged through a 2 inch pipe. On the suction pipe a hand 
pump was attached to prime the pump. A 2 inch orifice flow 
meter was inserted in the discharge line and by means of a man- 
ometer the rate of flow was determined. The amount of the 
draw-down of the well, when connected to the well field, was 
determined by means of a mercury U tube connected to a small 
tube attached to the well cap, the tube extending into the well 
to a depth sufficiently great so that the end was at all times be- 
low the level of the water-table outside of the well. 


Before the Well Rater and Sampler was connected to the well 
the permanently installed valve on the suction line was closed. 
After the device was connected this valve was opened and the 
well was observed under actual working conditions—i.e., while 
it was being pumped along with the other welfs by the large 
pump in the pumping station. The drawdown was revealed by 
the reading of the manometer connected to the tube in the well 
and recorded. Thereafter, the permanently installed valve was 


*Whitman and Howard, Engs., Boston, Mass. 
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WELL RATER AND SAMPLER 
The Hook-Up of the Well Rater and Sampler 


closed and the centrifugal pump started, the rate of pumping 
being controlled by a valve on the discharge line. As the dis- 
charge increased the drawdown increased, thus producing a de- 
flection on the manometer. When the manometer reading was 
the same as that already observed under the actual working con- 
ditions, as just described, the output of the well was assumed to 
be the same. The quantity being pumped was then determined 
by observing the deflection of the flow manometer on the pump 
discharge line. The results represented the actual amount of 
water that the well was contributing from the field as a whole 
when under actual pumping conditions. Samples of water for 
analyses, then taken at the point of discharge, were considered 
truly representative samples. 

By careful operation of the valve at the discharge end of the 
pipe the yield of the well was brought gradually up to the orig- 
inal yield at the beginning of pumping. Thereby higher veloci- 
ties than usual or ordinary in the pipe well were provided. Any 
excess velocities would, of course, free scale, rust and other 
matter and give false samples. The flow manometer in this 
particular instance was connected to the 2 inch orifice flow 
meter. [The liquid used to determine the differential pressure 
can be of any specific gravity desired depending upon the rate 
of flow to be measured. The most common is mercury for 
high flows and carbon tetrachloride, Specific Gravity 1.60, for 
low flows.] 

One side of the mercury U tube was connected to the tube in 
the well and filled with water from the surface of the mercury 
to the water level in the well, care being taken to remove all 
air. The other side of the U tube was left open to the atmos- 
phere. 


A Specific Case 


The following specific example will serve as an illustration. 
After the Well Rater and Sampler had been properly set up and 
connected to a well the mercury U tube was connected to the 
tube in the well. There was an initial deflection of mercury of 
3 inches which represented a water column of 40% inches, the 
distance from the water table to the mercury surface of the U 
tube. After an equilibrium had been reached the well was con- 
nected to the field and the mercury in the U tube deflected an 
additional amount corresponding in general to the distance the 
water table dropped outside of the well and specifically to the 
drop in pressure in the well. In this case the total deflection 
was 4% inches or a difference in deflection of 1% inches which 
equal 17 inches of water as the drawn down within the well. 

The well was then shut off from the other wells and the small 
test pump started. The discharge valve on the pump was then 
opened slowly, increasing the yield of the well until the draw- 
down deflection of mercury showed 4% inches. After this point 
was reached the flow manometer was observed to have a deflec- 
tion of 154 inches of mercury which on this meter represented 
a flow of 20.1 gallons per minute. 

The yield of the various wells in relation to the drawdown 
was plotted on arithmetic paper and the yield of each well was 
found to be directly proportional to its drawdown. The yield 
of the various wells varied from 1 to 25 gallons per minute and 
the drawdown varied from 5% to 26 inches. 

This device has been made use of in installing new driven 
well fields. By its use we have been able to predict reasonably 
well the draw down or vacuum to be expected in a system of 
driven wells and to eliminate uneconomic wells, which have a 
low yield in relation to the drawdown. Also with open end 
wells it has been possible to determine at what yield a well will 
throw sand sufficiently to result in filling up by sand. The 
equipment will probably be found to have other uses also. 

Acknowledgment—The above paper was presented before the 
New England Water Works Association, at Providence, R. L., 
Sept. 19, 1935, and appeared in Waterworks & SeEwaAceE for 
December, 1935. 
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INEXPENSIVE LABORATORY FLOCCER 


By G. R. FRITH* 


Chemical Engineer, Atlanta, Ga. 


With the importance of flocculation being widely recognized 
and its use becoming more prevalent in water and sewage treat- 
ment plants where chemical coagulation is employed, a demand 
has arisen for a simple filcccer suitable for making a series of 
laboratory floccing tests simultaneously. 


The accompanying pictures illustrate an adaptation of an 
easily made machine devised and used by the writer for the 
past five years in sewage work. 

The usual hitch in making an electrically driven floccer is 
the difficulty of making the operating speed slow and variable. 
Any speed desirable in flocculation is easily obtained with the 
illustrated machine by merely turning on more or less water 
to the aspirator. The automobile windshield wiper, if in good 
condition, is very powerful and will operate as many jar agitator 
paddles in a row as desired. 


An ordinary automobile windshield wiper with vacuum sup- 
plied by a laboratory aspirator or suction pump is the motive 
power. The other materials needed are a few 3/16-inch brazing 
rods, some sheet brass or other metal, a few brass or copper 
washers, and several two quart fruit jars, preferably square. 
Round jars may be used on this machine, due to the oscillating 
motion of the paddles, if square jars are not available. The 
wood frame may be built from packing cases if nothing better 
is at hand. 

A crank, with about one inch offset, is first made for the 
windshield wiper and fastened on to the shaft either with 
solder or a threaded collar, depending on the type of wiper 
used. The brass rod is cut into appropriate lengths to allow 
for bending a crank on one end with the same offset as the 
driver; and to allow for the thickness of the wood cross piece 
with enough rod remaining to reach nearly to the bottom of 
the fruit jars when in floccing position. The rod may be bent 
in a small vise with a hammer. The wood cross piece which 
acts as a bearing for the paddle shafts is about 1 by 1% inches 
in cross section and the holes are drilled through the 114 inch 
way. The holes should be a gocd fit for the paddle shafts but 
not tight. It is important that the holes be properly spaced and 
drilled vertical, or there will be difficulty in lowering the paddles 
into the jars. 

A washer is soldered on to each paddle shaft at each bend 
of the crank to act as support for the connecting rod and the 
paddle shaft respectively. The paddle shafts are then run through 
the bearing holes in the wood cross piece and another washer 
soldered to each snugly against the under the wood cross piece. 


The connecting rod is made from a piece of %-inch sheet 
brass % inch wide and of proper length for the desired number 
of jars. The holes are drilled on the same centers as those in 
the wood cross piece. It is not usually necessary to fasten the 
connecting rod in place, as its own weight should keep it on the 
cranks of the stirring rods. 


The paddle blades consist of one piece of 1/16-inch sheet brass 
about 114 inches wide and of a length that will enter the mouth 
of the fruit jar. The blades are soldered to the paddle shafts. 
This completes the mechanical part. : 


The wood frame is made to permit sliding the machine-head 
up (out of) or down into the jars. The jars are spaced properly 
on the base by tacking on thin strips of wood. The short piece 
of rubber hose makes a permanent connection from the wind- 
shield wiper to a piece of brass pipe across the side of the frame 
merely for convenience in attaching the aspirator hose at the back. 


The strap hanging from the top of the frame is a piece of 
hack-saw blade heated and bent to form a spring catch for 
holding the machine-head above the jars when not in operation. 


There has been some comment to the effect that the oscillating 
motion may break some floc particles in the immediate vicinity 
of the blades. This is probably true; but there is no flocculator 











Laboratory Floccer. Motive Power Is Windshield Wiper 

Operated by Laboratory Suction Pump on Faucet. What 

Appears to Be a Rod Connecting the Stirring Rod Is a 
Flat Strip of Brass Drilled with Holes 


built, large or small, which does not have this same defect. The 
relative movement betwen the water and the paddle blades at 
their point of contact is necessarily great in crder to keep the 
water in the more remote parts of the floccing jars in a proper 
swirling motion. Overcoming this defect, inherent in all floc- 
culators, would require a much more expensive installation and 
the benefit to results would not be worth the difference in cost. 
It would be necessary to distribute a large paddle surface through- 
out the tank and move it at extremely slow speed. 

However, there is nothing to be gained by the above argument 
one way or another. If you need a laboratory floccer and have 
no money to spend for speed reducers and an electric motor, one 
may be made with 50 cents worth of brass and a windshield 
wiper. If you do not have access to a supply of brass stock, 4 
satisfactory machine may be made in an hour, using pieces of 
tin can for paddle blades and stiff iron wire for paddle shafts 
and connecting rod. The slide and frame is a real convenience 
but not a necessity. 





*Bureau of Sewers and Sewage Treatment, Atlanta, Ga. 
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METERING: PRACTICAL METHODS OF PROCEDURE* 
By E. H. RUEHLT 


“To meter or not to meter?” That is the question. 

Those who have gone through the problem of making initial 
installation of water meters know what significance these few 
words can have and what discussions can be caused thereby. 

However, metered water service is being acknowledged more 
and more as being the best all-round method of distributing the 
indispensable commodity, water. This is especially true since the 
unprecedented drought of 1930, and I am sure that if more com- 
munities were metered at that time the effects of the drought 
would have been less severe due to the lessened wastage of water. 


Why Services Should Be Metered 


There are many good reasons why water services should be 
metered, a few of which are: 

1. It is the fairest way of selling water, as all customers pay 
in proportion to their respective consumptions. 

2. The water department or company has a pretty good check 
on the amount of water sold and by comparison with readings 
of a master meter can better establish losses and leakage and 
thereby reduce waste in the system in general. 

3. Leaks in consumers’ service lines can better be Iccated. 


4. Knowledge of the various water consumptions is essential 
in establishing equitable water rates, and the only way in which 
this information can be obtained and analyzed is by metering of 
all services. 

In some cases, especially in the municipally owned plants, 
there are certain institutions, such as schools, hospitals and the 
like, that are supplied with water without charge, and these 
should be metered and read regularly to get the full benefits of 
100 per cent metering. 

And here let me digress a little to state that the words 
municipally owned are generally a misnomer, as in the majority 
of cases the municipality has a large obligation in the form of 
outstanding bonds, and the only part that is really municipally 
owned is the amount covered by bonds purchased back, or some 
such similar item. This is mentioned here because in the munici- 
pally operated plants we are so often confronted with the state- 
ment that the people own the plant and for this reason they 
should have all the water wanted for some flat rate that is 
nowhere commensurate with the cost of producing the water, the 
fixed charges being lost sight of entirely.) 

5. It has been proven that as meters are installed that con- 
sumers’ wastes have been reduced and this in turn effects econo- 
mies in the amount of power required to pump, if it be a pumping 
plant, and in treatment costs, which are getting higher and 
higher every day. 

6. As the water requirements of the city are kept within 
bounds and more or less controlled. the size of the treating and 
pumping plants and storage and distribution systems are kept to 
a minimum, thereby keeping capital investment to a minimum, 
as well as the necessary interest and sinking fund charges, which 
all result in keeping of the water rates at the lowest possible 
figure. 

7. As the time will most likely come when sewage treatment 
will become necessary in a good many places, the lowering of 
the water losses and wastes will redound to the town’s advan- 
tage in requiring a plant of smaller capacity than would be neces- 
sary if water usage and wastage were uncontrolled. Likewise, 
sewage pumping costs will be less. 

With all these reasons in favor of metering, the only ones 
against it are generally found to be caused by the selfish motives 
wherein certain customers may want to use unlimited quantities 
of water without paying a just price therefor. This can be over- 
come in a great many cases by explanaticn, and, in spite of the 
tact that many may be adamant at first, good results are usually 
obtained. 

Another argument against metering is scmetimes set forth in 
that it is claimed that sanitary conditions will not be maintained 
if water usage be curtailed due to the installation of meters, 
but it has been shown that far all purposes about 25 gallons per 
capita per day is all that is absolutely necessary. Under any 
ordinary rate the cost for this requirement for the average family 
tor an entire month would be modest, in most cases less than the 
cost of one filling of the gasoline tank of the automobile. 

It can therefore be seen that metering is beneficial to both the 


municipal plant or privately owned company as well as to the 
consumer, since it contributes a means of compiling equitable 
rates and keeping bills to a minimum. 


Ownership and Location of Meters 


Since the type of meter and location of meter setting is 
governed to scme extent by geographical location and local con- 
ditions, the remarks that are to follow must of necessity be 
confined more or less to a particular section and will apply to 
Virginia, 

The ownership and location of the water meter are two sub- 
jects on which divergence of opinion exists. In the writer’s 
opinion, the meter should be owned by the water department 
or company (being charged to capital account) and all main- 
tenance should be done by the owners and charged to operating 
costs. In Virginia the meter setting just inside the curb line 
offers so many advantages over other locations that these readily 
outweigh any disadvantage in the nature of a small additional 
installation cost, should this be the case. In a good many houses 
in this section of the country there are no basements in which to 
locate a meter. 


Advantages of Outside Setting 


The advantages of such outside setting, located in the sidewalk 
space, are in general as follows: 

1. Meter reading is greatly facilitated due to the fact that the 
reader never needs to wait for a response from the householder 
on knocking, and should the party be absent it would necessitate 
making another trip to get the meter reading if the meter were 
located inside the house. The distance the meter readers have to 
walk is lessened when outside settings are used, and this in turn 
permits more meters to be read per day. 

2. The meter is always accessible to water department em- 
ployees for reading, inspecting, testing and repairing. 

3. The danger of the meter readers and other water depart- 
ment employees from attacks from vicious dogs is eliminated. 

4. The chance of unauthorized persons entering the house in 
the. guise of water works employees is greatly eliminated. 

5. Chance of the meter being covered by rubbish, coal, kindling 
wood etc., is done away with when the outside setting is used. 

6. More accurate readings can be procured when outside set- 
tings are used because of better lighting outside than generally 
exists in basements, under porches or other places where meters 
might be set. 

7. The line of separation between the water department and 
property owners’ liability is clearly defined and there is not much 
chance of unauthorized connections being made behind the meter. 

8. In case of necessity of cutting off the water for non-payment 
of bills there can be no dispute as to entering the premises if the 
meter and control are located at the curb line. 

9. The outside setting should be in a locked box and, as it is 
below the ground, is not so apt to be tampered with as would a 
setting in a more conspicuous place not protected by a box. 

10. Less danger of damage to the meter by hot water exists if 
set at the curb. 

11. Danger from freezing is practically eliminated in a well 
set meter, and in case of fire in the building supplied the meter 
is not in danger of being destroyed. 

In view of all these reasons the writer is of the opinion that 
the entire meter setting, including the necessary cut-off valve, 
should be located in the sidewalk space behind the curb line, 
and that the water department’s or ccmpany’s maintenance and 
obligations should stop at the customers’ side of the meter. 


Type of Setting 


The following remarks apply to the smaller size meter up to 
l-inch, and when larger sizes than this are used the condition 
must be studied separately and settings made to suit. 

It is realized that a properly set meter, although not always 
the cheapest, will receive more attention in general from the 
water works operatives and in turn pay higher returns to the 
department. 

It is a good plan to set the meter in a yoke with at least a 
control valve at the inlet side, although some prefer valves at 





*From WATER WORKS AND SEWERAGE. 
+Field consultant, Virginia League of Municipalities. 
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both the inlet and outlet sides. This does away with the customary 
curb stop and box. 

The meter in its yoke, and with the control valve, should be set 
in an earthenware, concrete or iron box with sufficient clearance 
between the risers, if they be used, that the cold ground outside 
cannot cause the water in the pipes or meter to freeze. A type 
of box that has proven very satisfactory in our section of the 
country is one 18 inches in diameter and 24 inches deep, with 
side slots at the lower end to accommodate the varying depths of 
the service pipe. The latter, we feel, should be about 24 inches 
below the ground. 

It is important that a lid be provided that fits the top of the box 
tightly, preferably being locked on with some kind of a locking de- 
vice. If the lid is fastened on there will be no circulation of air in the 
box and consequently less danger from freezing. Another advan- 
tage is that if the lid is kept on tightly there is less danger of 
persons tampering with the meter or of pedestrians catching their 
feet in the hole, with a possible damage suit resulting. 

It is also very important that the bottom of the box extend 
below the maximum frost line so that the warm air from below 
can rise up around the meter and risers and keep the atmosphere 
in the box above freezing. In extreme cases it has been found 
that a smaller tile pipe about 8 inches in diameter put vertically 
into the ground below the bottom of the regular box (to reach 
warmer levels) overcame freezing troubles by admitting warmth 
from below. 


Meter Reading 


In the writer’s opinion, meters should be read monthly, if this 
is possible, as by so doing a closer touch is kept on losses and 
wastes, and due to the visiting of each meter every thirty days 
the stopped meter and other irregularities can be more effectively 
dealt with. In case a customer has a leak he can be notified within 
a reasonable time if the meters are read monthly, but if they are 
read, say, quarterly, the amount of leakage passed will more 
likely be an appreciable amount and cause some disagreeableness 
when an attempt is made to collect the bill. 


Experiences at Bluefield, Virginia* 


If you will pardon personal experiences, it may be of some 
interest to tell how the town of Bluefield recently attacked the 
problem of setting 700 meters at the rate of something like 100 
per week. This was carried on as follows: 

A work sketch was first made up and the various kinds of 
equipment decided on. After the meters, yokes, boxes and covers 
were ordered out, some figures were made up giving the length 
of pipe to be cut from the service to allow for elbows, yoke, 
valve, etc., and the vertical distance that cover, meter, yoke and 
fittings required was figured and each made into a constant. 

Actual installation started with several men digging holes, 
located from the curb boxes wherever possible, in a certain 
well defined section so that one foreman could keep all things 
going. Two men, both of whom had some previous pipe fitting 
experience, were formed into a “gang” and given instructions 
how to set the meters, and they then worked together for about 
a day. These men then were given a helper each and two setting 
“gangs” were formed and these two helpers were in turn given 
helpers and four setting “gangs” were formed in a few days. 
The work was carried through, with as many men as were neces- 
sary to prepare the holes ahead of them. 


Tools Required 


Each of these setting gangs of two men each was furnished 
with a ratchet die holder and one-half and three-quarter inch 
dies, a hack saw, two 10-inch Stillson wrenches, a pipe vise 
attached to a four-legged board, a home-made wooden straight- 
edge, and a pair of hip boots. The men provided their own rules. 
The meters, yokes, boxes, covers, pipe, etc., were supplied to the 


*When this article was written the author was City Manager 
of Bluefield, Va.—Ed. 


location by a Ford truck. Galvanized nipples of various lengths 
were purchased and used wherever possible, as they could be pur- 
chased cheaper than we could buy, cut and thread the pipe. 

When the hole was opened down to the service pipe the meter- 
setting. gang (two men) came along and the first thing they did 
was to lay the straight-edge across the hole and measure down 
to the service pipe, and from this the proper “constant,” referred 
to above, was subtracted, which gave the length of risers neces- 
sary to bring the top of the meter to the desired point below the 
meter box lid. If there was a standard nipple of length some- 
where near this dimension it was used. If not, the helper would 
cut pipe to the proper length and thread it. The meter setter in 
the meanwhile would be cutting a piece of pipe predetermined 
length out of the service line and threading the cut ends for 
elbows. The risers were then screwed in and the yoke and meter 
set after which the box was put in the hole. By using a set of 
specially made hooks the box was easily adjusted around the 
meters and risers, and the cover put on. 

Two men constituted the back filling gang and followed up all 
setting gangs, backfilling all holes and seeing that the lids were 
properly fastened. 

If the existing cut-off in the service line was so that it could 
be used to control the water it was used, but if not the meter 
setter would cut and thread the pipe under pressure, which only 
took a very few minutes. He would screw the riser pipe with 
control valve on, bail out the hole, and go on without having to 
dig back to the main or cut the water off of a section of the town. 
The water lost amounted to very little. 

One foreman looked after the entire job and 700 meters were 
set at the rate of about 100 per week. 

The cost of this work complete, including tools, boots, and 
everything, was slightly under $19 per setting, which also included 
the changing of some services where it was necessary. 

We believe that in a place where the services are fairly close 
together one foreman cculd handle about six meter setting 
gangs with the necessary hole diggers and could set about 150 
meters per week, providing that everything is thoroughly planned 
ahead. 





Meter Repair Practices* 


Water meter castings are painted by spray gun equipment. 
The meter casting sets on a turntable which revolves slowly. 
The colors used are Bronze and Aluminum. 

Air chambers have been installed on the influent side of all 
the meter testing machines. This eliminates water hammer caused 
by the quick opening and shutting valves, especially effective 
when testing large size meters. 

The use of Monel metal baskets for dipping meter parts in 
Dearborn 134 solution has been much more economical than 
the use of cheaper baskets. 

An electric drill held in place by a suitable clamp arrange- 
ment is used for cleaning meter parts. The drill is substituted 
for a rotary wire brush. This cleans meter parts in a hurry. 

The uses of compressed air in a meter repair shop are many. 
This added convenience in meter shop repair work will speak 
for itself. 

The use of a hand press similar to the press used on electric 
drills is a sure way of observing the fit of the disc in the cham- 
ber before the meter is put together. This eliminates the guess 
work connected with tight or ill-fitting discs. 

An elevated container of gear lubricant is directly connected 
to a quick opening valve with string attachment. This gives 
positive control of the amount of lubricant added to the gear 
train chamber because it closes so quickly—thus eliminating the 
mess which generally accompanies the handling of gear lubri- 
cant. 


*Courtesy, E. T. Cranch, mgr., New Rochelle (N. Y.) Water Co. 
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METER TESTING, REPAIR AND SELECTION 


By CLEM. A. GALLAGHER 


Superintendent of Services, Louisville Water Co., Louisville, Ky. 


Recently while making a trip for the purpose of inspecting 
yarious meter shops throughout the country, one basic and sad 
truth struck me bluntly. 

That sad truth is simply this: Despite all the progress made 
in the waterworks field in filtration, pumpage, construction and 
billing, yes, even in the meter field, a paradox still confronts us. 
The one sure-fire revenue producing instrument is seemingly 
neglected, if not ignored. Less, generally, is known about water 
meters than about any other essential waterworks mechanism 
I am of the firm opinion that a definite, efficient, and consistent 
meter testing and repairing program is a vast asset to any 
Water Department or Water Company. The revenue accru- 
ing naturally from such a program will more than pay the 
initial expenditure for such a program in the first few years. 
The difference between 85 per cent and 100 per cent seems not 
so large arithmetically, but in just one service in one year’s 
time it means many dollars and cents in any language. 

Contrary to popular belief a meter testing and repair pro- 
gram is simple in itself. And the cost of such has been grossly 
exaggerated. By explaining simply, and somewhat in detail, 
the meter plan we have been working successfully and at rea- 
sonable cost in the Louisville Water Company, I hope to prove 
my contention that a definite, efficient, and concise meter test- 
ing and repair program is a vast and lasting asset to any water 
utility, irrespective of size. Further, that such a program can 
easily and reasonably be inaugurated and maintained. 


The Four Phases of the Program 


In such a definite program four phases comprising the com- 
posite must be considered and I shall treat of them in order. 
Meters must be exchanged, tested, repaired. Then, records 
must be kept of all these operations. It stands to reason that 


any system which would insure an unfailing and accurate record 
of a meter, from the time it left the ground until it was re- 
turned after testing and repair, would be the most desirable 
method from every standpoint. 


This is our method: We have three men with small trucks 





Meter Repair Shop, Louisville, Ky., Water Works 


exchanging meters daily and returning them to the shop. These 
men likewise take care of all meter complaints such as meters 
stopped, broken counters, leaks, etc. Normally each man and 
his helper will exchange about thirty-five meters a day. A 
card (here illustrated) has been devised to take care of all of 
the recording. This card is perforated midway and entwined 
with a wire at the top. The cards are numbered, and used and 
filed consecutively. On one side of the card at the top is a 
record for the meter reset after it has been repaired, tested 
and O. K.’d. Space is available for the make of meter, the 
serial number, size, the address set, the attachment number, the 
account number, the date set. It is signed by the man placing 
the meter back in the ground. 

The lower half of the card on the same side has the record 
of the meter removed with make, serial number, size, reading, 
address removed from, attachment number, account number, date 
removed, reason for removal (exchange, frozen, out of order, 
etc.), and also space for the signature of the man removing the 
meter. 

On the other side of the card the upper half is blank while 
the lower half contains a complete record of the meter test and 
repair. Each meter coming into the shop has this attached card 
wired to the casing so that this same card remains with that 
one meter from the time it leaves the ground at one location 
until it is returned to the ground in another place. This oh- 
viates the danger of lost cards and garbled records. 

Each meter received in the shop is tested as received and 
tested, as final, after it has been repaired. Each meter is thor- 
oughly cleaned and repaired irrespective of its first test aver- 
age. Each 5-inch meter is tested with fifty gallons at ten gal- 
lons a minute and with ten gallons at one gallon a minute. The 
meter tester places both percentages on his card as well as the 
average of the two. The meter is then sent to the repair bench 
to be cleaned and repaired. 


Thorough Shop Records 


The lower half of this part of the card contains a list of the 
repairs made, parts replaced, and the time consumed in this 
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No. 
TEST AVERAGE 
VILLE TER 7 AS f50Gal. @0GAH.P.MY 
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paL Register Bax lass 
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No. 
LABOR HOURS MINUTES 
MAKE SERIAL HO. 
BY 
SIZE IN. READING maar 
ADDRESS REMOVED 
ATTACHMENT NO. 
Meter Record Card—( Front 
ACCOUNT HO. and Rear) Perforated Across 
Center for Detaching Lower 
DATE REMOVED Half for Recording and 
Filing. Actual Size of 
nensea Cards: 8 in. by 3% in. 
BY. 
OVER 
repair. The material is listed on the card with a corresponding 


space for the quantity of each part used and the bin number 
from which it was taken. As a consequence, each man while 
repairing a meter must put down just what new part, or parts, 
he used, how many parts were used and how long it took him 
to finish this one meter. The meter repair man then signs the 
card and the meter is returned to the testing table. It then 
goes through its final test of fifty gallons at ten gallons a min- 
ute; of ten gallons at one gallon a minute, and of two gallons 
at one-fourth gallon per minute as a final check. The averages 
are again noted and averaged and this part of the card is then 
signed by the chief meter tester. If the meter does not register 
within two per cent it is returned to the bench for a further over- 
hauling. If it, however, registers accurately the card is then 
severed at the perforation marks and the lower half returned 
to the meter record office. This card contains, therefore, for 
the clerks in the meter record department, complete informa- 
tion in regard to this one particular meter including the removal 
of the same with all statistics, the testing of the same and the 
repairing of the same. The signature of each foreman defi- 
nitely places responsibility for errors under each classification. 
The information from these cards is transcribed to the regular 
permanent meter cards and the shop tag cards are then filed, 
according to their test number, in a file to fit this card. This 
gives the department a test and repair file. 

Our endurance test box in the basement is so constructed that 
it will hold twenty-five meters at one time. It is arranged in 
a series of two boxes and any meter of any series, either series, 
or both, can be removed at any time by means of valves with- 
out affecting the flow of water in the building. Our figures 
in many of these tests have been most startling, and seem to 
prove one thing very conclusively—that the A. W. W. A. speci- 
fications for 54 inch cold water meters are entirely too lenient. 
A well constructed water meter should register much better than 
90 per cent on a one-fourth gallon per minute stream. 

We recently made a meter under-registration survey. We 
brought into the shop at one time three hundred meters which 
had been in service five years or longer and tested them as re- 
ceived. The averages were startling inasmuch as the average 
percentage of inaccuracy on flows for all meters up to and in- 
cluding the one-fourth gallon per minute flow was far above 
standard requirements, for new meters. 

It has been our endeavor in this entire meter program to aim 
first at thoroughness, but thoroughness through simplicity. We 
believe we have accomplished our goal and through the cycles 
described in this paper are able to test and repair water meters 
regularly, accurately, efficiently and economically. The cost of 
this program will be as nothing compared with the revenue 
pickup naturally consequent on such a program—not to mention 
the life added to the meters. 

Any water utility, which neglects to maintain a definite regular 
meter test and repair program is neglecting what should be con- 


sidered a water company’s greatest asset. As the meters go—so 
goes your revenue. A water meter can be tested, repaired and 
kept in shape. Like anything else in life, so with water meters 
—the simplest and safest way is the best and the cheapest way, 

The top half of the card remains, of course, on the meter 
until that meter is again taken out to be reset. Then in like 
manner the man resetting tthis meter or exchanging it for an- 
other fills out the information given above, disconnects the wire 
and card from the meter, signs the card and returns this reset 
information to the meter record department. We thus have a 
complete cycle for our exchange program and by the use of 
this simple card we have not only a method of double checking 
each step but also of definitely placing responsibility where it 
should be placed. 

This exchange system, simple as it is, has worked out most 
successfully for us and should do so for others. The men ex- 
changing meters take out each day just as many tested and re- 
paired meters as they will exchange. This cycle keeps the shop 
free from meters piling up. At our present speed each of our 
50,000 meters will be put through this process once every five 
years, although our tests (with our water and our meters) 
show that this period between tests for economy reasons should 
be lengthened appreciably. 


Testing 


Next we come to the testing of a water meter. As I have 
explained above, a meter is tested as received and again after 
repairs. The size stream for the test depends, of course, upon 
the size of the meter. 

Our meter testing table can test ten 54, 34 or 1 inch meters at 
a time. On an adjoining bench the larger meters, up to six 
inches, are tested one at a time. We have done away with the 
slower method of weighing for tests, and use only calibrated 
tanks and funnels. A hydraulic plunger keeps the meters in 
place. This test bench is so arranged that we can vary our 
stream anywhere from 225 gallons per minute down to 1/320 
gallons a minute. The latter is accomplished by means of nee- 
dle valves. 

Recently we have standardized on the sweep-hand dials on 
all meters, for two very definite reasons. First of all it is much 
easier to detect a leak on any size meter if it is equipped with 
a sweep-hand dial, and secondly and even more important, it 
facilitates the testing of a meter in time saved and assures us 
that our registers are likewise accurate. We could not be sure 
of this by the use of test dials. Our meter tester and his 
helper average over one hundred 5 inch meters per day on 
standard tests. A cycle is likewise completed here, since in the 
morning meters are tested as final and in the afternoon a new 
lot is received. Thus the repair men on the bench, work each 
day on the meters tested as received the previous afternoon 
while the meter tester tests as final in the morning the meters 
repaired the previous day. 

It is noteworthy that our records show that less than one per- 
cent of the total number of meters repaired have been unfit 
after repair, and have to be returned to the bench. The promis- 
cuous use of change gears is undesirable and we try to get away 
from it as fully as possible. 

Repairing 

The next step in our meter routine is our repair bench. Five 
men work on this bench and each man has his own set of tools, 
his own sink with running hot and cold water, his own brushes 
and a hose with a stop-valve carrying compressed air of about 
seven to ten pounds pressure. This air is simply piped from 
our garage and reduced in the meter shop by means of a re- 
ducing valve. We have found that this compressed air at this 
pressure is most useful and practical for testing out the running 
smoothness of a meter as well as ejecting particles which may 
holding back the best performance of a meter. It likewise does 
away with the necessity of the men placing their mouths on 
the outlet or inlet to a meter. 

The meter bench is made of wood and covered with heavy 
galvanized iron. . Above each man is an electric reflector which 
evenly lights up his place of work just where he needs it most. 
Each meter is placed in a separate pan to do away with the loss 
or mixing up of parts. 

Our manner of cleaning a meter is simply the old fashioned 
but effective soap and water method. We deprecate the use of 
acid on any meter, or parts thereof, unless it is absolutely neces- 
sary. We have found that under our own water conditions the 
encrustation can be satisfactorily and more safely removed by 
good old hot water, soap, and elbow grease. We do no ma- 
chining or reboring because, generally, replacement is cheaper 
and safer from every angle. Above the repair benches are 
marked and lettered cempartments for the various parts of any 
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size or make of meter. This is part of our permanent running 
inventory system. Each closed bin contains a different part 
and each bin is numbered. When the men need any new part 
for any meter they must mark on their ticket the number of 
such parts used as well as the bin number from which it was 
taken. A regular inventory clerk can thus keep, from these 
cards, a daily record of just what parts were used and how 
many of each part remains in stock. He has a standard min- 
imum of each part that should be kept in stock. He can daily 
or on a moment’s notice notify the department head just what 
parts are needed and how many of each, and they are then 
requisitioned and ordered. Again this inventory system, though 
simplicity itself, affords an easy check on costs, new parts re- 
quired, etc. ‘ 

Each man averages between fifteen and twenty meters a day, 
completely cleaned and repaired. The average cost, not includ- 
ing overhead, runs about fifty cents a meter for tests and re- 
pairs. We use about fifty new discs a month. Bottom bolts 
and gaskets most often need replacement. A meter is scrapped 
only after it is completely a liability. We have returned to ser- 
vice meters, after overhauling and cleaning, which have been 
in the ground forty years and more. One man at another bench 
takes care of the registers, setting back to zero, lubrication, 
etc. We solder the counters and thus avoid ruining the gears 
by running counters back speedily with a motor driven disc. 
After cleaning, the registers of all meters are then dipped in 
hot oil and drained. This oil is fine, and not too thick for 
frigid weather. The meter shop is kept clean and each man 
knows just what he must clean up before he leaves. The work 
has been divided. The floor is waxed and a heavy, linked rub- 
ber carpet stretches all along the repair and test benches. On 
Saturday of each week larger meters, from one inch to six 
inch, are tested and repaired. Of course this work is slower 
and more tedious than that on 5 inch meters. A healthy spirit 
of competition, a desire to keep the meter shop clean and a 
pride in repair average, can work wonders if engendered and 
encouraged. 


Meter Recording Office 


On the same floor is our enclosed meter record office. 


The 


head of the Meter Department and clerks keep all records of 
We keep two cards on each meter—one according 


all meters. 





to make and serial number and one according to the book and 
page number in the meter readers’ books. All information— 
address, make, size, serial number, purchase date and price, sets 
and resets, tests and repairs, are kept on these cards. Any in- 
formation concerning any meter in service at any address, any 
meter in the stock room, or in the shop, is available at all times. 
The city is divided into districts, lettered alphabetically, and a 
reference from card to meter books gives all information -con- 
cerning reading, leaks, etc. The two sections of the numbered 
cards are filed separately after the information thereon has. been 
transcribed to the other set of cards. These test and repair 
cards give the final shop information on any particular meter. 
This system of checks and balances assures accuracy, perma- 
nency, and simplicity. All necessary information is always at 
hand and any meter can be traced from the moment we receive 
it until we scrap it. We are at present about 75 per cent me- 
tered and have in the ground approximately 50,000 meters. 


Selecting Meters 


When purchasing a water meter three things must be taken 
into consideration, namely, accuracy, endurance, and interchange- 
ability. It was our desire to find out just what meters would 
be most dependable under Louisville water conditions and with, 
this idea in mind we have been conducting a series of tests with 
new stock meters. Ten of each make are tested at a time. The 
new meters are tested, as received, on flows of ten gallons a 
minute, one gallon a minute, one-fourth gallon a minute and one- 
twelfth gallon a minute. These same ten meters are then placed 
in an endurance test box in the basement and the water used 
in our building allowed to run through them until they register 
alt average of five hundred thousand (500,000) gallons. We 
can vary this flow in the building as desired. 

They are then taken back to the shop and retested exactly as 
above. The figures are then averaged, with emphasis on the av- 
erage percentage of inaccuracy, and blue prints are made of the 
records for permanent filing Next, these meters are taken 
apart and thir parts interchanged. They are run then for ap- 
proximately one hundred thousand gallons and retested again 
according to the former specifications. Finally they can: be run 
on an absolute endurance test, which of course takes time, until 
one or more meters in any series breaks down. Faulty meters 
are taken apart and the cause of such break down investigated. 
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SELECTING THE RIGHT METER™ 


By ROGER W. ESTY** 


Superintendent, Danvers Water Works, Danvers, Mass. 


In days gone by, the thought of “What shall we set for a 
meter on a service line?” was not given the consideration war- 
ranted. The expense involved apparently did not appear to be 
a factor, because the size of the pipe installed was generally 
used as the determining factor in selecting the size of meter for 
the installation. 

Since those days meters have reached a much higher degree 
of perfection and now, at reasonable cost, meters can be pur- 
chased to fit any service required; and, can be depended upon 
to give satisfactory results. 

Especial care should be exercised when purchasing a meter 
because this device serves as the cash-register of the system. 
When purchasing a meter do not let the price be the determin- 
ing factor; for, as you know, the older we get the more and 
more do we realize that you get just about what you pay for. 
There is no such thing, nowadays, as truth in a claim that “It 
is just as good for one-half the price.” 

We must not forget the obligation we owe to those we 
serve. We must not spend their money recklessly or unwisely. 

Several years ago, at Danvers, we had a water waste sur- 
vey made to check up on our consumption, which apparently 
was gradually creeping upward without any particular reason. 
Much to our surprise, we found no unreasonable leakage, but 
found that all of our large meters were under-registering, some 
as much as 50 or 60 per cent. On large meters this constitutes 
a sizeable and serious loss. 

In the past, we never tested these meters. And, as long 
as they kept running and the monthly readings were compara- 
tive little, if any, attention was given them. When we found a 

*Excerpts from an 
SEWERAGE, Sept., 1934. 

**The author has the distinction of being now (1936) President 
of N.E.W.W.A. 


article appearing in WATER WorKs AND 





Neptune Recording Meter Set, Used in 
Evalulating Variations in Water Takings 
by a 


Customer and Determining the 
Proper Capacity of Meter 








Portable Meter Testing and Flow Measuring Outfit Used in 
Field Tests 


stopped one we would take it apart and clean it and make 
whatever repairs found necessary. We didn’t know whether 
the meter recorded accurately or not. We merely assumed 
that if it was properly cleaned and repaired it must be right. 

After our water waste survey we changed practically every 
meter. Some we had rebuilt. As time went on we found that 
this change had been very unsatisfactory. We were suspicious 
of the accuracy of the readings of one large meter, realizing 
that its registrations must be too low. To obtain a test: on it, 
we put in two one-inch corporation checks, brought them to- 
gether, and then from this junction extended a fire hose to a 
two-inch test disc-meter which had been previously checked for 
accuracy. From this set-up approximately 200 g.p.m. was 
obtainable. Apparently our suspicions had been right because 
we found the meter under-registering. As a result of that test, 
we started tapping in just beyond all of the other large meters 
for additional testing. 


Meter By-Pass Lines Proved Their Worth 


From the results of this work, we decided to take out all 
of our institution and industrial meters, replacing them with 
new meters. In each case we provided a by-pass line, a test 
tee and the necessary gates, so that tests and repairs could be 
made at any time without inconvenience to the customer. 

In my opinion the money spent constituted the best invest- 
ment we have ever made for convenient and money saving 
maintenance. It is a highly justifiable expense and no meter 
of any consequence should be set without being provided with 
a properly gated by-pass with a test plug inserted. : 

We made mistakes in our first set-up that I would correct if 
I had to do the work over again. In making changes my first 
correction would be to set the meter on the by-pass, line and 
leave the main line unobstructed, to take care of large emer- 
gency demands such as would be needed at a fire. As a gen- 
eral rule, a meter much smaller than the size of the supply pipe 
can be, and should be used and there is also a saving to be 
had in the cost of the smaller fittings required. This is now 
the practice followed in Danvers. 

Then, next, all gates should be provided with rising stem 
valves. There is a possibility of leaving gates opened or closed 
where the standard (non-indicating) gate stem is used. Visual- 
ization is a great safeguard and protection and at a glance one 
cam tell the position of a rising stem valve. 


Oversize Meters—Why? 


After this new set-up of meters had been in for a few years, 
we made a 3 or 4 day test on each meter, running the recording 
testing device twenty-four hours each day. The results were 
surprising—even astounding. Meter line requirements on 6 and 
8-inch pipe lines, provided with meters of the same size as the 
pipe, showed that at no time did the demand exceed on the 6- 
inch meter 25 g.p.m. and on the 8-inch meter 75 g.p.m. 

From these results it was apparent that: In the first case a 
Y%4-inch meter would amply take care of the normal demands 
on the 6-inch service; and in the second instance a 114-inch 
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Portable Meter Testing Outfit on Service Wagon. Connection 


Is Made by Fire Hose to Meters Tested 


meter would suffice on the 8-inch service. But, these meters 
were on lines supplying hydrants, and therefore the smaller 
meters could not be used. It is my opinion, however, that a 
4-inch meter—if- not a 3-inch meter—will prove ample. A 
3-inch meter on a by-pass will supply two powerful fire streams 
and in most cases this will be sufficient. If a greater demand 
should be required the main line can besopened. Since we have 
a man who answers every fire alarm, he has been instructed in 
every instance to open up the gate on the unmetered side, re- 
gardless of how small the first might be. 

We have had these smaller meters in now for nine years and 
we have only opened up the unmetered side of the line once. 
At this fire only one stream was used, but the gate was opened 
just the same. No difference was noticed in the volume in 
this instance, where a 3-inch meter had been cut into a 6-inch 
line leading from an 18-inch main. 


What Size Service Line? 


When laying a service main I thoroughly believe in laying 
one that will more than take care of the service demanded. 
Larger lines reduce friction and deliver volume up to the point 
of the demand. The owner should be interviewed regarding 
what he feels will be his maximum demand in gallons per 
minute. On commercial lines, I try to have the customer 
visualize a barrel and then tell him that that barrel holds 50 
gallons. Then I ask, how much more or less than 50 gallons 
per minute will he use? He can readily make a comparison in 
his mind between the 50 gallons and the amount he is going to 
use and he can then easily judge about how much he will use, 
and it is seldom you will find any user using more than “a 
barrel a minute.” Cubic feet means nothing to the customer, 
and even gallons per minute means little, but the barrel method 
of determining the amount of water he might use, is much 
easier for him to understand and has not failed yet in giving 
to me the information that I have wanted in determining the 
size of meter and service needed. 

The type of service and demand, should be instrumental in 
determining the type of meter that should be used. Considera- 
tion of the small flows should be given prior consideration be- 
cause 90 per cent of the flows come under the range of the 
smallest capacities of the large meters. If a large continuous 
flow is used, then naturally a meter to register large flows 
should be used as there are no small streams to be considered. 

I have a case in my own system, at Danvers, where all of 
the water is repumped and this pump operates at about 500 
g.p.m. until the tank is full, then it automatically shuts off and 
no more water passes through the meter until the level of the 
tank drops sufficient to kick in the automatic pump switch. In 
this case a meter to pick up minor flows, leakage, etc., is not 
needed, because the rate of flow is 500 g.p.m. or nothing. 

The selection of the meter, should in my opinion, be left with 
the water works officials and not to the customer. The own- 
ership of the meter should also be retained by the water de- 
partment and not by the customer. By experience, water works 
managers are much better qualified than anyone else to select 
the proper meter which, in justice to all, must be the most 
adaptable to the desired type of service it is selected for. 





Experience in Sterilizing New Mains 
By CARL LEIPOLD 


Superintendent of Filtration, Winnetka, Ill. 


It was shown by tests made at the time of sterilizing a new 
pipe line that it is very essential that the water added to the 
pipe will distribute the applied “H T H” (calcium hypochlorite) 
uniformly through all parts of the new pipe. 

On completion of a new pipe line (Fig. 1) about thirty 
grams (a heaping handful) of “H T H,” representing a treat- 
ment of 100 lbs. chlorine per million gallons of water, was 
applied through a paper funnel placed in the neck of the cor- 
poration cock at connection “A” and the pipe was filled with 
water through valve No. 1. Residual chlorine tests made of 
the water samples collected from connection “A” after all the 
air was removed and the pipe was full of water, showed only 
10 to .20 pp.m. of free chlorine. After a chlorine contact 
period of 3 hours, valve No. 2 was opened and the new pipe 
line was flushed through connection “A.” Residual chlorine 
tests made of the water samples collected from connection “A” 
showed a gradual increase of free chlorine and after 30 min- 
utes of flushing the test showed a deep red color. These results 
indicated that on filling the pipe line, the largest portion of the 
disinfectant had been carried to the far end of the pipe line 
near valve No. 2, leaving no chlorine for sterilization at the 
near end of the pipe line where introduced. 

On completion of another new pipe line (Fig. 2) the same 
Sterilizing procedures were carried out as described above with 
the exception that a different method of filling the pipe line 
with water was employed. This pipe line was partially filled 
with water through valve No.3 and then completely filled with 
water through valve No. 4. Flushing the pipe line through 
connection “B” from valve No. 4 was done until the residual 
chlorine test of the water sample showed a deep red color. It 
was then closed off. After a chlorine contact period of two 
hours, valve No. 4 was again opened and the new pipe line was 


flushed through connection “B.” The residual chlorine tests 
made of the water samples collected from connection “B” 
showed a gradual decrease of free chlorine and after 30 min- 
utes of flushing the test showed no free chlorine. These results 
indicated that the “H T H” had been uniformly mixed 
throughout the pipe line by proper control of the valves. 
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BATTERY METERS—THEIR INSTALLATION AND PERFORMANCE 
~ By C.M. McCORD 


General Superintendent, Water Department, Memphis, Tenn. 


In view of what appears to be possible advantages to be had 
by using:a battery of three 2-inch disc meters, instead of a 
single compound or turbine meter, an investigation was made 
as to the most practical and satisfactory method of installing 
or piping them. To begin with, standard fittings were used to 
build up the two manifolds. The center fitting in each case 
was a cross with nipples and ells on both sides of the crosses. 
Between these’ made up manifolds, the three meter legs were 
built up, each leg including a 2-inch disc meter with flange 
couplings ahead and back of the meter, and 2-inch gate valves 
between the flanges and the manifolds. It was found to be a 
difficult job to run these three short legs in between the two 
fixed manifolds. Each leg must make up the same length and 
the alignment must be practically perfect. While it is not an 
impossible job, it is one that is slow and difficult. After this 
set-up was made it was apparent that the meter vault should 
be large enough to include the manifolds so that they could be 
inspected and repaired if necessary. 

To simplify the installation, both as to fittings and labor, and 
to provide manifolds that could be built into the vau't walls, 





Fig. 1—Battery Meter Arrangement Designed for Memphis, 
Tenn, Note special C. I. manifolds and check valve arrange- 
ment causing all minor flows to register through one meter. 


two cast iron manifolds were made, each having a 4 inch bell 
inlet and three 2 inch bell outlets properly spaced for the con- 
necting meter legs. The advantages of these cast manifolds are, 
first: Being cast iron, it is possible to incorporate them in walls 
of the vault thereby reducing the size of the vault; second: 
It is not necessary to set them an exact distance apart, nor is 
it necessary that they be in exact alignment; third: The meter 
legs, including meter, flanges, check valve and valves are made 
up at the shop and should they vary as much as an inch in 
length, they can be readily installed. After the manifolds have 
been set a measured distance apart, to install the meter leg, one 
of the flange couplings is taken loose, dividing the leg into two 
sections. One section is then placed into the bell of one mani- 
fold and the second section is placed into the bell of the other 
manifold. The flange joint is remade, the leg adjusted to posi- 
tion laterally and caulked in place with a small amount of lead 
wool. After the three legs have been installed in this manner, 
then the bell joints are poured and caulked in the usual manner. 
By cutting a light running thread on the 2 inch nipples that are 
caulked, this prevents them blowing out when a meter is re- 
moved and also makes it possible to screw this nipple into and 
out of the lead joint should it become necessary. 

In this test installation, check valves were placed in two me- 
ter legs for the purpose of protecting these two meters from 
hot water and to direct all very small flows to one meter only, 
rather than have it divide between the three. The accompany- 
ing photograph (Fig. 1) shows quite clearly the installation as 
made by using cast iron manifolds. 


Testing for Accuracy 


_ After developing a practical and easy method of making the 
installation, it was then decided that tests would be run to find 
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Fig. 2—Compound of Accuracy of Meter Registration. 
(Battery Meters vs. Compound vs. Turbine Meters.) 
Curve 1—Four inch compound meter. 
Curve 2—Four inch turbine meter. 
Curve 3—Three, 2 inch disc meters coupled in parallel battery, 


out what our meters would do under our observation. Meters 
were taken from our shop that were pronounced ready for 
service. Back of the battery meters pictured, was placed a 
4 inch compound meter and back of this a 4 inch turbine meter. 
This was a series arrangement, water passing through the three 
measuring arrangements and into a large scale tank, thus mak- 
ing it possible to readily compare the registration of each de- 
vice against dead weight. Figure 2 shows the results of these 
tests, rate of flow being plotted on the X axis and percentage 
of registration on the Y axis. These curves have not been 
ironed out in anyway and the small circles are the actual re- 
sults plotted. They may not be the curves that some might ex- 
pect, but, nevertheless, they represent what happened when we 
tested our meters. 
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Fig. 3.—Division of Load Between Three 2-inch Meters 
in Battery. (Note that check valves throw all flow under 
5 g.p.m. to the one meter without a check.) 
Curve 1—Two in. disc meter without check valve. 
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Fig. 4—Curves Indicating Comparison of Pressure Drop 
Through Battery Meters vs. Other Types. (Note: Where 
pressure loss can not be tolerated turbine and compound 
type meters must be selected at the expense of low flow 
inaccuracies. ) 

Curve 1—One 2 in. disc meter with 2 in. fittings. 

Curve 2—One 2 in. disc meter with 2% in, fittings. 

Curve 3—Three 2 in. disc meters with 2 in, fittings. 

Curve 4—One 2 in. disc meter and two 2 in. turbine meters. 











When the water flowing through a pipe is stopped very sud- 
denly there is rise in pressure in the pipe line that may at times 
amount, roughly, to 50 times the velocity in feet per second at 
which the water is moving at the instant. 

The best cure for water hammer is a slow-closing valve. 
The next best cure is to provide an air chamber located as close 
as possible to the valve. If kept fully charged, an air chamber 
is considered to be of sufficient size when its capacity is one 
per cent of the pipe line it serve to cushion. Means of renew- 
ing the air cushion must be provided for. 


Required Volume of Air Chamber 


The size, that is, the volume, of an air chamber depends upon 
a number of factors of which the principal ones are: 

The length and size of pipe that the air chamber serves. 

The rate of flow of water through this pipe. 

The pressure in the air chamber immediately preceding the 
stopping of the flow, and the pressure due to the stopping of 
the flow, and, 

The nature of the action that puts the air chamber into serv- 
ice—whether it be instantaneous, or rapid, or prolonged. 

The following treatment is based upon the first three factors. 
With reference to the fourth factor—it is the more or less in- 
stantaneous stopping of the flow that makes necessary the use 
of an air chamber. Hence, we are virtually assuming the con- 
dition of rapid closing. By this method a volume of air 
chamber is determined such that the energy of the moving 
water is absorbed between prescrihed limits of pressure in the 
air chamber. 

We have the expression, 

V=L~x P x R’, in which 

V is the internal volume of the air chamber in cubic inches, 

L is the value from Table 59 for the size and length of pipe 
that the air chamber serves, 

P is the value from Table 60 for the flowing pressure and 
the assumed maximum pressure, both in the air chamber, and 

R’ is the square of the rate of flow through the pipe in gal- 
lons per minute immediately before the stopping of flow. 

Note—The flowing pressure can be determined approximately 
by deducting from the static pressure at the air chamber the 
loss of pressure in the run of piping (for which the size of an 
air chamber is being found) under the assumed rate of flow. 

Determine the size of an air chamber for a 34-inch branch, 
20 feet long, carrying 10 gallons per minute, based on pressures 
of 20 pounds per square inch flowing, and 60 pounds per square 
inch maximum. 

Substituting, 





*From “Water Supply in Buildings,” by Alex. W. Moseley, 


Mass. Inst. of Technology, 1935. 
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Curve 5—One 4 in. compound meter—weight valve. 
Curve 6—One 4 in. turbine meter. 


An investigation was then made to determine how the load 
would divide between the three 2 inch disc meters that made 
up the battery. Figure 3 plainly shows the result of this test. 
The number one meter, without check valve, took the small 
flow entirely and as the flow was increased it shared the load 
in an increasing amount with the other meters until the flow 
was about evenly divided. It was also established that on re- 
moving the two check valves and operating all three meters 
without these valves, that one meter took the very small flows. 
With the checks out, first one meter and then another would 
register, but with check valves in two legs, the small flow was 
always registered by the meter without the check. 

The last phase of the investigation covered the drop in pres- 
sure. This was measured in the case of the battery meters 
about 2 ft. ahead of and behind the manifolds, and about the 
same distance ahead and behind the two larger meters. The 
results obtained are shown in Figure 4, which is self explana- 
tory. After these tests were made, we piped one of the disc 
meter legs with 2% inch nipples and valves, and from the fig- 
ure it will be seen that the drop in pressure was not helped 
greatly. An examination of this data indicates clearly that dif- 
ferent conditions and circumstances demand different methods 
of metering. In some cases, it may prove necessary to sacrifice 
small flow registration in favor of increased pressure. In other 
cases, the small flows can be picked up at the expense of loss 
in pressure at the larger flows. On these considerations the 
most desirable arrangement can be selected and the service 
metered accordingly. 





V = 0.042 x 1.6 x 10° = 6.7 cubic inches. 

Having determined the volume of the air chamber, it becomes 
necessary to fix the proportions—whether to make it of rela- 
tively small diameter and correspondingly long, or short and 
“dumpy.” If made of %-inch pipe, length would be 6.7/0.53, 
or 12.6 inches. Sectional area of 34-inch pipe is 0.53 square 
inch from Table 61. 


TABLE 59 
Values of L 








Length of 





Size of Pipe, Iron Pipe Size 
Run, Feet % %4 1 1% 1% b 2% 3 4 
| ee 037 .021 .0138 § .0074 .0055 .0033 .0023 .0015 .0009 
» eee .074 .042 .026 .015 O11 -0066 .0045 .0030 .0017 
ee 111 063 = .039 =©=.022))—- .016 = «.010—Ss_ 0068 §=.0045 §=.0026 
ae 148 .084 .052 .030 .022 .013 .0091 .0060 .0035 
_ 185 .106 066 037 ©0872 . 017 . oF .0075 .0044 
ee 222 .126 .078: .044 .033 .020 .014 .0090 .0052 
eee .296 .168 .104 .059 .044 .026 .018 .012 .0070 
aes 370 =©.210 »=—.180 Ss .074)=S («6055S s—(«w083)si«iwO2B)Si«ijO15)=s« «.0087 
re 462 .262 .162 .093 .068 # .041 028 .019 .011 
S 555 .315 .195 8 .111 082 .050 ~ .034 .023- .013 
ee .740 §=6©.420)»=.260)=Ss £148 )=S (109 )=Ss (i 066=S 045 Ss(«iw0380S—s«Cw 1 
. 924 .624 .3824 186 .136 .082 O67 # #.087 . .083 





~ Note that for each size of pipe value of L is proportional to 


length of run. 
TABLE 60 
Values of P 








Maximum 
Pressure, 
Lb. Flowing Pressure, Lb. Sq. In. 
Sq.In. 15 20 5 30 7 40 50 80 100 
20.. 42. 
25.. 12. 56. 
.. 6H. 72. 
35.. 38 7.8 20. 90. 
40.. 2.6 4.8 28s @& 110 
50.. 1.6 2.5 4.2 7.3 14. 36. 
ee... a2 1.6 2.5 3.8 6.0 10. 49. 
o.. @0T- O88. 12 1.7 2.4 3.3 6.9 18. 
100.. 0.48 0.63 0.82 1.1 1.4 1.8 3.0 5.4 27. 
120.. 087 647 6280 0.7%. 6393 °i3 1.8 2.8 8.0 39 
TABLE 61 


Sectional Area of Pipe 


Area of Internal Cross- 
Section of Pipe Sq. In. 





Size of Pipe 
Iron Pipe Size 








(The above article should be useful in meter shop practice 
and otherwise, where quick closing valves must be employed— 
Ed.) 
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PRIMARY ELEMENTS FOR SEWAGE AND 
WATER WORKS METERS 


By L. D. CARLYON, M.E.* 
Cleveland, Ohio 


In modern sewage plants and water works, metering equip- 
ment ‘is now recognized for the important part it plays in ob- 
taining efficient control and operation. 

Regardless of type, large meters and registering devices de- 
pend upon the so-called “Venturi” principle for their operation. 
This consists of producing a differential pressure which varies 
in a definite and known relation to the rate of flow. The dif- 
ferential pressure is mechanically converted into terms of weight 
or volume and is so indicated and recorded by registering equip- 
ment. The actual registers themselves are constructed to provide 
various combinations of indicating, recording, and totalizing 
features. 

There are three commonly used devices, which can be inserted 
in fluid lines to produce the desired differential pressure. These 
are the Venturi tube, the flow nozzle, and the thin plate orifice. 
Each provides a reduction of the area through which the flow 
takes place, thereby causing an increase in velocity at this point 
with a corresponding localized reduction in pressure. The result 
is a differential in pressure between two areas of the Venturi 
tube, or on either side of the flow nozzle or orifice inserted in 
the pipe. Figure 4 illustrates the head differentials created by 
an orifice insert. 

For a given installation the primary element is designed and 
constructed so that when the maximum rate of flow occurs, a 
definite maximum head differential will be produced. This varies 
from a water differential of less than 10 inches to one of more 
than 200 inches, dependent upon the fluid to be measured, the 
static pressure, the maximum capacity and the type of register. 

Although any one of the three primary elements (Venturi, 
flow nozzle, or plate orifice) can normally be used, there will 
usually be one of the three which is best suited to meet the exist- 
ing requirements. The selection is determined by a number of 
factors. These factors are to be dealt with in this article, with 
a view of better acquainting engineers, superintendents or opera- 
tors with the more important considerations in selection of meter- 
ing devices. It. is hoped that some of the confusion concerning 
these devices which exists in the minds of some will be cleared 
away by the following discussion. 


Fundamental Comparisons 
The Venturi Tube 


The Venturi tube has been used for years in connection with 
projects of the hydraulic and sanitary engineer. As illustrated 
in Fig. 1, it is designed with a short cylindrical section at the 
inlet end of the tube, which is cast smooth inside. The high 
pressure connection is made at this point into the piezometer 
ring (Fig. 1, Section AA). 


*Mechanical Engineer, Bailey Meter Co. 


roA Bit AND SP1GOT 
JOINT OP TIONAL ) 






INSPECTION HOLE 





“BRONZE LINER 






HAND HOL 2° 


YU seonze BUSHINGS 


— DRAIN CONNECTIONS 


Fig. 1—Venturi Tube. (Handholes and Cleanout Valves Are 
Used Only for Measurement of Screened Sewage or Sewage 


Sludges) 





Fig. 2—Venturi Throat Section for a 56-Inch Line, Constructed 
of Cast Iron with a Machined Bronze Liner 


Following the inlet section is an entrance cone of about 21 
degrees total angle, which leads to the short cylindrical throat 
section where the low pressure connection to the meter is made 
through another piezometer ring. At the throat the tube is 
flanged, and has a handhole which permits inspection of the 
throat and piezometer holes, as well as accurate measurement of 
the throat diameter. An exit cone, known as the diffuser, fol- 
lows the throat and has a total angle of approximately 5 degrees. 
This ends in a flange for connecting the tube to the pipe line 
flange. 

In certain cases due to objection to the laying length of the 
long Venturi tube or possibly for reasons of cost, a tube referred 
to as a “short Venturi” is used. It differs from the long tube 
primarily in that the angle of 
the exit cone is much greater 
(normally 13 to 15 degrees total 
angle), thus making the overall 
length much less than a long tube 
of corresponding diameter which 
is justified on the grounds that a 
smaller head loss is created. 

The majority of Venturi tubes 
are fabricated of cast iron and 
are provided with brass or bronze 
liners in the throat which are 
machined smooth within close 
tolerances. Small tubes of from 
1 to 2 inches diameter are often 
made of brass or bronze through- 
out and the entire length of the Fig. 3 
internal surface may be complete- : 
ly machined all over. Very large . 
ones have been constructed of concrete or steel plate with a cast 
iron throat section having a machined bronze liner, such as 
shown in Fig. 2. 








Flow Nozsle 


Flow Nozzle 

In many respects the flow nozzle (Fig. 3) may be considered 
to be a simplified Venturi tube. The entrance consists of a 
gradual curve of approximately one-quarter ellipse which leads 
the fluid smoothly into a short cylindrical throat section. Thus 
the discharge jet will have no contraction and will be the same 
diameter as the throat itself. 

Installation of the flow nozzle is made by inserting it between 
a pair of pipe flanges. The high pressure upstream connection 
is usually made by tapping the pipe line approximately 1 pipe 
diameter back of these flanges, and the low pressure connection 
is made on the line at a point just opposite the throat section 
of the nozzle. For the measurement of water, air, sewage OF 
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Fig. 4—Diagram of “Stream Lines” in a Fluid Flowing Through 
a Circular Concentric Orifice in a Pipe, Pressures Existing at 
Various Distances from the Orifice 


sludge, flow nozzles are usually fabricated of bronze, the inside 
being very accurately machined. 


Thin Plate Orifice 

The thin plate, or sharp edged orifice, shown in Fig. 4 has 
been widely used for many years to measure the flow of fluids. 
In its simplest and most familiar form, the orifice is merely a 
hole in a flat plate which is clamped between flanges in the pipe 
line. It may be of 1/16 inch thickness or more, depending 
upon its diameter, and can be made of nickel, monel metal, steel 
or other suitable material. Flow meter literature abounds. with 
results of thousands of experiments proving conclusively that the 
orifice operates on the same basic principles as does the Venturi 
tube and flow nozzle. 


Referring to Fig. 4 it will be noted that there is a well- 
defined Vena Contracta (plane of greatest contraction) on the 
down-stream side of the orifice plate, just as is observed when 
the stream from a sharp edged orifice discharges into the open 
air. The pressure on the outlet side of the orifice varies along 
the length of the pipe with the velosity of the stream itself, the 
observed pressure being least (differential the greatest) when 
the connection is exactly opposite the Vena Contracta. 


The location of the Vena Contracta remains constant regard- 
less of the rate of flow for any one installation. It assumes a 
slightly different position, however, with different ratios of orifice 
diameter to inside pipe diameter. For a given ration, its rela- 
tive position is independent of pipe size. The high pressure up- 
stream tap is made at approximately one pipe diameter back of 
the orifice, and the low pressure tap is made exactly opposite the 
Vena Contracta. Some manufacturers recommend that the taps 
be close to and on either side of the orifice plate; in this case it 
Is necessary to obtain the orifice plate and the flanges as an 
integral assembly. 


Factors to Consider 


Before a metering element is specified or selected for a given 
project, six factors must be taken into consideration if the most 
Suitable arrangement is to be secured; namely (1) initial cost, 
(2) installation, (3) accuracy, (4) reliability, (5) pressure loss, 
(6) capacity change. 


The above factors may not appear in their order of importance, 
for the item which is of primary importance for any one applica- 
tion will vary with conditions peculiar to that application. 


1. Initial Cost 

The initial cost (purchase price) of the primary element may 
vary within wide limits. Figure 5 illustrates the approximate 
relationship between present-day prices of long Venturi tubes, 
short tubes, bronze flow nozzles, and thin plate orifices. It will 
be noted that for a given size, the price decreases in the order 
named. Without question the orifice has a decided advantage 
with respect to initial cost, being approximately one-ninth that of 
a long Venturi tube of corresponding size. 

In the larger sizes, say above 24 inches, it is also possible to 
obtain orifices at prices from 20 to 25 per cent lower than those 
shown, by specifying a steel orifice plate having a nickel insert. 
This insert has the orifice hole machined in it and thus the more 
expensive metal is used only where it is essential. 

Very large Venturi tubes become cumbersome and expensive. 
On this account large tubes are frequently constructed of steel 
plate or concrete at its location and only the throat section is 
purchased from the meter manufacturer. 


2. Installation 


From the standpoint of ease of installation, the orifice or flow 
nozzle would be selected in preference to a Venturi tube. They 
need merely be inserted between a pair of flanges in the pipe line, 
but considerable care must be taken to center the element proper- 
ly, to make the pressure connections at the correct locations, and 
to see that there are no protrusions left on the inside of the pipe 
line as the result of making the taps. 

The Venturi tube being relatively larger and much heavier, 
more time and labor is required in the installation. If the pipe 
line is an existing one, it will be necessary to remove one or more 
sections of pipe and to provide filler pieces of the correct length 
so that the tube can be made a part of the line. On a new proj- 
ect, however, in comparing the cost of installing a Venturi tube 
a credit representing the cost of a section of straight pipe of the 
same length, which otherwise would be required if a flow nozzle 


- or orifice were used, should be considered. 


Since the pressure taps are an integral part of the tube, these 
can be assumed to be correctly placed. 


RELATIVE INITIAL COST - DOLLARS 
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Fig. 5—Curves Showing the Approximate Purchase Prices (at 
Factory) of Various Types of Primary Elements. (The Curves 
for the Venturi Tubes Are Based on Weights Suitable for Use 
with Class A, B, and C Cast-Iron Pipe, and Do Not Include 
Handholes or Cleanout Valves Shown in Fig. 1) 
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Fig. 6—Eccentric Type Venturi Tube for Sewage or Sewage 
Sludges 


3. Accuracy 

When installed under suitable conditions, the three primary 
elements are very nearly equal when compared on the basis of 
accuracy obtainable; namely, within 1 per cent of 100—plus or 
minus. Due to small inaccuracies introduced by the register 
mechanism, however, manufacturers normally extend a conserva- 
tive guarantee that the reading will be within 2 per cent of 100 
plus or minus. In actual practice the accuracy always falls well 
within the limits of the guarantee. 

In order to insure accurate metering, all primary elements re- 
quire a certain length of straight pipe preceding the location. For 
the Venturi tube, 5 to 10 pipe diameters are usually adequate. 
For the flow nozzle or orifice types this requirement is between 
8 and 20 pipe diameters, depending on the ratio of orifice diam- 
eter to inside pipe diameter, and on the piping layout. Some- 
times these requirements cannot be met due to the piping layout. 
It is under such conditions that the short Venturi tube occasion- 
ally proves most suitable because it is from 30 to 45 per cent 
shorter than the long tube of like diameter. 

In order to preclude high readings on the registering device, 
the primary element should not be installed where the air or 
liquid flow is of a rapidly pulsating nature. Such a condition 
may be caused by water or sewage reciprocating pumps and by 
certain types of air blowers. It is sometimes possible to elim- 
inate pulsations or dampen them materially but where pulsating 
flow is likely to be a problem this factor should be called to the 
meter manufacturers’ attention; whereupon, specific recommenda- 
tions will be made. 


4. Reliability 

It is essential that the primary element retain its accuracy after 
installation and that it also provide continuity of satisfactory 
service. 

Screened sewages and sewage sludges present the greatest 
problem of measurement because of solid matter or gas which 
they contain. For this service the piezometer rings of the Ven- 
turi tube are equipped with cleanout valves (Fig. 1) which fa- 
cilitate routine cleaning operations to maintain the openings free 
from obstructions. Connections should be made at top and bot- 
tom of each ring for venting accumulating gas or draining sedi- 
ment. Handholes in each ring make the interior accessible. 


At low velocities the throat section of the Venturi tube may 
act as a dam causing foreign material to settle on the bottom of 
the inlet cone and, thereby, affecting the accuracy. A condition 
of this kind can be largely avoided by the use of an eccentric 
Venturi tube (Fig. 6) which differs from the ordinary tube only 
in the eccentric shape of the converging and the exit cones. The 
fact that the bottom of the tube lies in one horizontal plane 
makes it easier for solid materials to be swept through the tube. 


HIGH 
PRESSURE 
SUPPLY 





Fig. 7—Eccentric Type Orifice Installed in a Sewage Main, Illus- 
trating an Arrangement for Washing Collected Materials Off the 
Face of the Orifice Plate 


eaeemienel 


An installation of an orifice in a sewage line is illustrated in 
Fig. 7. Here also the eccentric type is of particular advantage 
in that solid materials pass through without obstruction. While 
there is even less chance of materials settling on the sharp edged 
opening than in the throat of a Venturi tube, there is a greater 
possibility of material collecting on the entrance side of the plate, 
For this reason it is desirable to provide a high pressure water 
supply into the pipe line (Fig. 7), for periodically washing off 
the face of the plate. 

A common method for the prevention of plugged taps, and to 
keep the meter connections clean and free of deposits is to intro- 
duce a continuous trickle of clean water through the connecting 
pressure lines to create a slow current into the main pipe line, 

Unless there is some especial factor involved, the flow nozzle 
should be avoided in metering sewage, because there is a ten- 
dency for materials to deposit in the throat section and to build 
up at the entrance. However, it has proved satisfactory where a 
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Fig. 8—Curves Showing the Net Differential Head Loss Created 

by Different Types of Primary Elements, Designed for a Maxi- 

mum Differential of 53 Inches of Water, at a Maximum Capacity 
of 5,000 g.p.m., as Applied to a 20-Inch Water Main 


means has been provided for flushing out the entrance and throat 
frequently. 

Measurement of unscreened sewage should be avoided, except 
where there is no alternative, as for example when one com- 
munity has its sewage treated in the plant of another municipal- 
ity. The large heavy solids may cause greater wear and erosion 
on the primary element, and in the case of ani orifice installation, 
there is the added danger of an object striking the plate with 
sufficient force to cause dissortion. 

Comparatively little attention is required for primary elements 
in air lines or fresh water mains, and all three elements will 
function indefinitely with practically no attention. 


5. Pressure Loss 

The differentials head created by any of the three primary ele- 
ments represents only a localized drop in pressure, most of which 
is restored upon resumption of normal flow a short distance fol- 
lowing the primary element as is pictured in Fig. 4. It is im- 
portant to hold head losses to a minimum, especially when ca- 
pacities are large and available head is at a premium, or where 
pumping is involved and power requirements must be considered. 

With the long Venturi tube, the pressure loss at any rate of 
flow is only approximately 15 per cent of the actual differential 
head produced by the element at that rate of flow, whereas with 
the short tube the loss is approximately 25 per cent. 


The percentage loss created by orifices or flow nozzles depends 
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upon the ratio of the throat diameter to the internal pipe diam- 
eter—the smaller the throat or orifice the greater the percentage 
loss. When designed for identical conditions of capacity, etc., 
the percentage loss will be virtually the same for both the orifice 
and the flow nozzle. 

As a typical example, assume that a water meter operating on 
a maximum differential head of 53 inches of water is to be ap- 
plied to a 20-inch main and to have a maximum capacity of 5,000 
g.p.m. The loss of head created at maximum flow by the various 
elements as shown by the curve in Fig. 8 would be: 

Long Venturi, 7.95 in. water (.15 X 53). 

Short Venturi, 13.25 in. water (.25 X 53). 

Orifice or Flow Nozzle, 29.15 in. water (.55 X 53). 

With a flow of 2,500 gallons per minute (% of maximum) the 
losses produced would be only %4 of these values, because the 
differential head varies proportionately to the square of the rate 
of flow. 

Although the curves of Fig. 8 apply only to the specific ex- 
ample, it can readily be seen that conditions exist where, by use 
of a Venturi tube, the reduced cost of pumping over a short 
period of time will more than offset the higher initial cost of 
the Venturi tube. 


§. Capacity Change 


An existing meter installation may at some time require an 
increase in maximum capacity to meet the requirements of in- 
creasing quantities of fluid handled by the system. This may be 
accomplished in three ways—either by providing a new primary 
element, by modifying the old one to handle the larger capacity, 


or by increasing to the required extent the maximum differential 
head with which the register functions. 

With the Venturi tube, the first two methods are costly, par- 
ticularly in the larger size and therefore the register differential 
is usually increased. It should be borne in mind, however, that 
with this method, at rates of flow exceeding the original maxi- 
mum capacity the pressure loss increases as the square of the 
flow. 

When an orifice or flow nozzle constitutes the primary element, 
a new one can usually be installed at reasonable cost. Since 
such a change necessitates a larger orifice the pressure loss will 
be lower than for the original installation, notwithstanding the 
increased flows handled. This naturally cannot be accomplished 
in cases where the primary element originally installed is already 
near the greatest ratio for which it can be designed. It is neces- 
sary then to increase the differential head of the register and 
suffer the head loss entailed or else to provide a duplicate in- 
stallation on a parallel twin line. 

Knowledge of the principles described and intelligent consid- 
eration of the six factors outlined above will aid materially in 
obtaining primary elements which are most suitable for the par- 
ticular project from the standpoint of both satisfactory operation 
and cost. 

Final decisions can be made only when complete details and 
figures are available pertinent to the specific problems under 
consideration. Therefore, it is important to supply meter manu- 
facturers with as complete data as possible concerning each con- 
templated meter installation, such as the type of fluid, maximum 
capacity, pipe diameter, pressure, and a dimensioned sketch of 
the piping layout. 





Velocity and Discharge Diagram for Vitrified Clay Sewer Pipe 


(Courtesy, Clay Products Assn.) 
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~HUTTER'S FORMA. n=.0i/ 
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Consulting Engineer, Chicago . 
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(Example: Assume 12 cu. ft. per sec. as the flow to be handled. The gradient for instance, to be a 0.2 ft. per 100 ft. run. 
Follow to right from gradient figure 0.20 on left until Q12 dotted line is intersected. The vertical line found at that point 
indicates that a 24 inch sewer is required. Also from the nearest velocity curve V4 at the intersection it is revealed that 


the velocity will be 3.8 ft. at full or half full flow.) 
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METERS, GAGES and CONTROLLERS for SEWAGE TREATMENT and WATER SUPPLY 


ERIE CINCINNATI MILWAUKEE 





STANDARD BAILEY REGISTERS 
Open Float Tube Type—This register 


accurately measures the flow of sewage, 





sludge, dirty water or other liquids, using 
a Venturi tube, flow nozzle or orifice as 
the primary element. The external ap- 
pearance of this indicating, recording and 





integrating register is shown in the in- 
stallation photograph below. All parts 
are of stainless steel, copper, aluminum 








or other materials especially selected be- 
cause of their ability to withstand the 
corrosive action of sewage, gas and sludge. 








A high degree of accuracy is insured 
by a large float and a relatively large float 





motion applied through differential gear- 
ing and a cam to operate the register in 





direct proportion to the rate of flow. 








Ledoux Bell Type—This register, oper- 


M > U 
ated by a mercury sealed Ledoux Be'l is [déeating, Recording and 


Integrating open float tube 
type Register. 


particularly well adapted to the measure- 
ment of sewage sludge or water under pressure or where wide 
changes in hydraulic gradient are encountered. When applied to 
the measurement of sewage or sludge, settling chambers are used 
and a supply of fresh water is introduced so that a constant flow 
exists from the register to the Venturi tube. This is, of course, 
unnecessary when the meter is applied to clean water 
measurement. 





In the water works field this 


register is particularly well adapted 
ie for use on discharge lines from 
eens *f 

p—~were centrifugal pumps, on gravity 
—? mains, on branch lines and distri- 


mew, bution systems, and in filtration 


| mea cuny- 





plants to measure raw water, clear 
water and wash water. 








Suitable equipment can be fur- 


Section through flow mecha- nished when it is desired to totalize 
nism of Ledoux Bell type 


Reteate. the flow through several lines. 


Bailey Registers measuring Sewage, Sludge 
and Air in an operating gallery at Easterly 
Sewage Treatment Works, Cleveland, Ohio. 


Air Meters—These meters 





























: : mepe panne A 
measure air flow in main lines 4 
and in individual lines to aer- Bes Cane Conn, 
ation tanks. It is desirable to (oe Pc mean 
; oq 
meter both air and sewage to ti 
individual aeration tanks in |. of 
order that they may be prop- |*® | ne 
. Barvacen - 
erly proportioned for best | 
a . g g ies Pm Jena 
results in consideration of 3 I 
such factors as quality of raw 1 a 
° ° r Derscen Marcum 
sewage, detention, tank agita- 
° ° ° . z eis Peaer 
tion and economical use of air. SiR: 








This register differs from | ‘cm 








the Ledoux Bell type, previ- Section through flow mechanism 


ously described, only in the ¢ air 

flow mechanism which in this case is designed to operate on a 
maximum differential of 8” of water. The motion of the oil 
sealed bell is transferred to the uniformly graduated chart by 


means of a forked lever, spindle and recording pen. 


Remote Registers—Bailey Telemetering systems make it pos- 
sible to operate remote indicating, recording or integrating regis- 
ters, which may be installed at a distance from the direct con- 
nected unit. These registers may measure flow in individual lines, 
total flow, liquid level, pressure and other factors. 


Venturi Tubes—Standard Bailey Designs include a complete 
range of Venturi tubes and other primary elements suited to 
the measurement of sewage, sludge and water. The selection 
of a suitable primary element is governed by such factors as 
capacity required, type of flanges, pressure loss allowab‘e and 
character of fluid to be metered. 


Controllers—Bailey controllers utilize 
standard Bailey Meters and Recorders 
as the basic measurement source for the 
automatic control of factors, such as 
flow, ratio, pressure and liquid level 
They are operated by compressed air 
at approximately 35 Ibs. pressure and 
match perfectly with other Bailey gages 
and registers. 





Bailey control is fully automatic, de- 


° , Bailey R de 
pendable and exceptionally flexible. tian 


Controller. 
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To a sewage plant operator, the appearance of the effluent is 
the best indication of the effectiveness of the treatment process. 
But to convey to the superintendent an accurate description of 
the appearance, in writing, is difficult. A superintendent should 
know each morning the hourly condition of his plant during his 
absence. He also wants his operators to be able to tell him 
how one day’s effluent compares with that of any other day. 

To supply this information in the most concise, yet explicit 
form, an instrument has been constructed at the Indianapolis 
Sewage Treatment Works which can be used as a portable tur- 
bidimeter and a sludge blanket detector. It consists of an 14% 
inch I.D., 0.065 wall, 2 FH aluminum tube 68 inches long with a 
sleeved brass collar on the bottom into which the brass moisture 
proof lamp case screws. There are four ports in the cap which 
admit water but exclude all outside light. The glass disk is held 
against a rubber gasket making a water tight joint. In the 1/32 
inch metal disk there is cut a 34 inch cross of 0.012 inch opening 
with the center closed off by a piece of metal not larger than 
3/32 inches in diameter to blank out the bright spot caused by the 
bulb filament. The light reflector is painted with aluminum paint. 
The operation of the lamp is identical with the ordinary two cell 
flashlight except for the self-operating mercury switch. This 
mercury switch is in the base cap of the lamp case and is con- 
structed in a case of sealing wax. The sealing wax was first 
run into the base cap and sloped to a small depression in the 
center. A short piece of No. 24 platinum wire was set on each 
of opposite sides of the depression with the ends about Mth of 
an inch apart. One wire is grounded to the base cap and the 
other is connected to a copper plate, making a connection with 
the battery through the coil spring. Only a very small drop of 
mercury is needed in the switch. After the mercury is placed, a 
heavy paper disk is set over the top of the mercury pocket and 


SLUDGE BLANKET DETECTOR AND TURBIDIMETER 
By DON E. BLOODGOOD 


lant, Indianapolis. Ind. 
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Graph for Converting Submergence Into Trubidity Reading 























‘ the cap is filled with sealing wax. ; or it could be calculated by developing a formula for the particular 
In use, the instrument is submerged to a point at which the curve, similar to the formula of the standard curve: 
cross disappears and then the scale on the side of the tube is log y =— 1.106598 log X + 2.6570 
read by looking in to the six-sided mirror of the float, inone plane in which y= p.p.m. of turbidity and X = submergence in inches. 
of which the figures will show. The mirrors are set at a 45° The curve for the portable turbidimeter herein described is: 
angle with water proof china cement in sycamore or any other log y = —1.35652 log « +3.2085 
tough light wood. The shortcomings of the portable turbidimeter are appreciated. 
The portable turbidimeter was calibrated by getting the sub- The turbidity increases at lower levels of the basin so that the 
mergence in effluents of known turbidity. This data when plotted readings obtained may not describe the nature of the actual 
on logarithmic paper gave a curve somewhat different than did effluent and yet be indicative of plant operation. At Indianapolis, 
the data of the standard U.S.G.S. turbidity table, as can be seen however, the information obtained through the use of the portable 
by the accompanying graph. The scale for any turbidimeter con- immersion turbidimeter has been very helpful in connection with 
structed could be obtained from the graph of the calibration data _ plant operation. 
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REDUCING THE COST OF CHLORINATING 


By C. H. VIVIAN 
Phillipsburg, N. J. 


By introducing chlorine into sewage by recirculating a portion 
of the effluent to operate chlorinators, instead of using expensive 
tap water for the purpose, three New Jersey communities have 
materially reduced their water bills—and thereby the overall cost 
of chlorination. This departure from conventional practice 
should prove particularly beneficial to those towns which do not 
own their water supply systems, or where there is a shortage of 
water. 


Ocean Grove, Deal, and Long Branch, N. J., are the places 
where the new method was first successfully applied, and they 
adopted it in the order named. All three are seashore resorts 
and all buy their water from a privately owned Water Com- 
pany.* 


The chlorine is introduced by conventional methods, being fed 
from cylinders by standard mechanical chlorinators. In two of 
the three communities effluent is used to operate the injectors 
whereas tap water is still used to feed the trays of the vacuum 
type machines. In the other, sewage effluent is employed even 
for this service. 


The Use of Effluent First Tried at Ocean Grove 


The only additional equipment that had to be provided was a 
suitable small pump and the piping required for delivery of some 
of the effluent, under pressure, to the chlorinators. A.J. Mount, op- 
erator of the Ocean Grove plant, who conceived the idea of using 
effluent for this purpose, selected for this service an Ingersoll- 
Rand “Motorpump,” and thereafter the other two cities selected 
similar units when they adopted the scheme This pump consists 
of a motor and pump built integral and with a common shaft, 
which makes for compactness and reduces the number of bear- 
ings to a minimum. 


The Ocean Grove plant handles an average of about 400,000 gal- 
lons of sewage daily, although, as previously mentioned, the 
quantity shows wide variations. The chlorination chamber is in 
the form of a series of connected parallel concrete channels and 
are located underground beneath a section of the boardwalk along 
the water front. The period of detention of sewage in these 
channels is from 20 to 30 minutes. 


At a point just short of the weir over which the effuent dis- 
charges, a portion of it is taken out for operating the chlorina- 
tors. As the pump is housed 15 feet higher, this imposes a suc- 
tion lift of that distance, but the pump performs satisfactorily 
under this condition. The effluent is three feet deep in the con- 
tact chamber and the suction line is submerged to within about 
eight inches of the bottom. 


The pump is rated at 20 g.p.m. against a head of 100 feet. It 
is driven by a General Electric 1%-hp. (3,500 r.p.m.) motor. 


The water rate at Ocean Grove is on a siding scale, the range 
being from 30 cents per 100 cu. ft. down to 20 cents until 65,000 
cu. ft. have been used, after which the same scale is repeated. 
During the five months that chlorination was practiced, the plant 
used an average of 22,700 gallons of water a day. The cost was 
$772. By using effluent for all purposes around the plant, except 
supplying the chlorinator tray, the water bill was reduced to $9 
during the next five-month period of chlorination. Current for 
operating the pump cost $105. As the installed cost of the pump 
was $160, it saved its first cost and operating cost nearly twice 
over during the first season of use. Maintenance and repairs 
totaled less than $2 during the five months, even though the 
unit was in service almost constantly. 


The Deal Installation 


The plant at Deal is generally similar to that at Ocean Grove. 
Here, also the treatment structures are all located underground. 
The plant handles up to 800,000 or 900,000 gallons of sewage 
daily during the summer season, the average being around 600,- 
000 gallons. 





*There have been others to do so since.—Ed. 





At Long Branch, N. J.—Ingersoll-Rand Motor Pump Connected 

to Wallace & Tiernan Chlorinators. If the Pump Stops Nothing 

Happens Because the Chlorinator Automatically Stops the Flow 
of Chlorine Gas 


Chlorine is dosed by one of two Wallace & Tiernan vacuum 
type machines. The effluent suction line to the chlorination “mo- 
tor pump” consists of 200 feet of 2-inch line and the pump suc- 
tion is under a head of 18 inches. The pump is of the same type 
as that used at Ocean Grove, but is slightly larger in size. Its 
present capacity is 20 g.p.m. against a head of 100 feet and it 
is driven by a General Electric 2-hp. (3,490 r.p.m.) motor. 


3efore the new arrangement was adopted, the plant used about 
$625 worth of water during the 5-month chlorination period. 


The Long Branch Installation 


The Long Branch plant is larger than the other two described 
and differs from them also in that it is operated by a private 
company, the Long Branch Sewer Company. 


Incoming sewage is registered by a Simplex meter and goes 
to a wet well, from which it is pumped by any one or more of 
four Fairbanks-Morse vertically disposed electric-driven units. 
In gallons per minute, these pumps have capacities of 400, 700, 
1,000 and 1,000 respectively. A 14-inch line extends from the . 
wet well to the two sedimentation tanks of concrete construction, 
each being 50 feet square and 14 feet deep and having a capacity 
of 350,000 gallons. They are fitted with Dorr traction-type 
clarifiers. At 4-hour intervals, the sludge is pumped to ad- 
jacent digestion tanks, from which the gases escape to atmosphere 
through a 75-foot -hollow steel flagpole. 


Two Waliace & Tiernan vacuum type chlorinators are in- 
stalled, one being used at a time. The effluent recirculating pump 
is a Cameron 1-RV-2 rated at 40 g.p.m. against a 98-foot head. 
It is driven by a G.E. 2-hp. (3,490 r.p.m.) motor. The water 
bill has been cut at least 75 per cent by the change over to the 
use of plant effluent instead of fresh water. 

From the above experiences it is evident that the cost of 
sewage chlorination can be materially reduced in many instances 
by the practice of utilizing plant effluent in place of the com- 
munity water supply. for operating the chlorination equipment. 
Furthermore, the scheme has been proven entirely practical. 
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SEWAGE TREATMENT BY MODERN CHEMICAL METHODS * 


By LINN H. ENSLOW 


Editor of WATER WorKS AxD SEWERAGE, New York, N. Y. 


There has been a revival of chemical treatment of sewage 
involving modernized chemical-mechanical methods. The past 
two years (1933 and 1934) might be considered as a period of 
“watchful waiting’ for developments and an evaluation of ac- 
complishments of chemical processes on the part of sanitary 
engineers. Today (1935) there are 50 or more American plants 
completed, under construction, or definitely planned, in which 
chemical precipitation alone or in combination with biological 
processes is being, or will be, employed. In addition, there are 
not less than 14 such plants proposed, 12 to employ chemical 
treatment alone and 2 to use it for assisting biological processes. 

In view of these developments since the completion of the 
first of the modern plants—that at Dearborn, Mich—it seems 
proper to review the reasons for the revival of chemical proc- 
esses, to weigh their advantages and shortcomings as employed 
today, and to look into their probable future. 


An analysis of the reasons for the revival of chemical proc- 
esses in sewage treatment shows that the outstanding one is that 
they fill the gap between sedimentation on the one hand, and 
the activated sludge process and the sprinkling filter on the 
other. Sedimentation, while simple and inexpensive, removes 
a comparatively low percentage of the solids and organic con- 
tent of the sewage. The activated sludge process, which is 
highly efficient in this regard, is complex and expensive; and 
the sprinkling filter entails a large capital investment and con- 
siderable land area and is frequently attended by odor and 
insect nuisances. 

The need for a process capable of producing an effluent of 
pleasing appearance similar to that from a properly function- 
ing activated sludge plant, with perhaps a somewhat less com- 
plete removal of organic matter but at a lower cost, was and 
is the desideratum. The need has been felt for a controllable 
process less disastrously affected by sudden discharges of in- 
dustrial waste than is the activated sludge process. The avail- 
ability of modern mechanical equipment; of chemical feeding 
devices; of varied, improved, and less costly coagulants; and 
of more precise and better understood methods of control have, 
collectively, placed chemical treatment on a far more inviting 
basis than it was in the last century, when it was found less 
attractive on practical grounds and also more expensive than 
the biological processes of that day. 

Added to these reasons for revived interest in chemical 
treatment is another and important consideration—its desirabil- 
ity, due to low first cost for plant and equipment, for seasonal 
use. Although the operating cost may be higher while it is 
employed, the average over-all cost is less than that of provid- 
ing biological treatment for similar seasonal use. 


Cost and Flexibility Are Primary Assets 


Possibly the chief point in favor of chemical: treatment is 
the fact that plants to provide it are less costly to build than 
plants for biological treatment and less expensive to operate, 
considering that the application of chemicals may be discon- 
tinued for long, short, or seasonal periods, as determined by 
the condition of the water course into which the effluent is 
discharged. During periods of 6 to 8 hr. of each day, usually 
the sewage reaching treatment plants needs nothing more than 
sedimentation to produce an effluent that will be acceptable 
under the most exacting standards. It is apparent therefore 
that a small investmemt in structures, equipment, and stocks of 
chemicals, and ability to make treatment mere or less complete 
on short notice, as desired, both appeal strongly to the sewage 
treatment economist. 


Flexibility of purification efficiencies attainable through me- 
shanical-chemical methods is also alluring. If by ordinary 
sedimentation a degree of purification of 35 to 40 per cent is 
attainable, then by adding chlorination to further reduce the 
oxygen demand, a degree of purification up to 55 or 60 per cent 
—possibly 65 per cent—can bé secured. Further, by a combina- 
tion of coagulation and sedimentation a degree between 65 and 
75 per cent can be attained with certainty. Proceeding still 


Excerpts from paper read before the American Society of 
Civil Engineers, January 17, 1935, and printed in the April, 1935, 
issue of ‘Civil Engineering.”’ 


further, a degree of purification as high as 80 or 85 per cent 
can be had, when a combination of chemical precipitation and 
chlorination is employed. 


Laboratory Tests Fail to Give True Picture 


An important distinction should be made between the ap- 
parent purification efficiencies of chemical processes, as meas- 
ured in laboratory bottles, for the 5-day oxygen demand test, 
and the actual comparative benefits to be noted in stream im- 
provement. For example, as noted by actual observation, the 
35 per cent degree of purification indicated by laboratory find- 
ings as being creditable to sedimentation is in truth far more 
valuable in obtaining stream improvement than this figure 
would indicate. It must be given a far greater weight in the 
final analysis than the next increment of 35 per cent of purifi- 
cation, by whatever method it is secured, which involves the 
removal of non-settleable and slowly settleable materials, which 
also form sludge and scum. This fact becomes evident when 
it is considered that the most important elements in creating 
nuisances in streams are the sludge and slime-producing sub- 
stances, which can be remeved almost completely by simple 
sedimentation and which when not removed result in cumula- 
tive and localized bottom and marginal conditions. 

Settled sewages also carry colloidal and pseudo-colloidal 
solids, which are deposited on contact surfaces in streams to 
produce unsightly and cumulative slime masses mixed with 
filamentous biological growths. In saline or brackish waters 
the pseudo-celloids become “salted out” and precipitate to 
produce sludge deposits. It should be noted that chemical 
precipitation leaves nothing in the effluent capable of producing 
cumulative effects from after-precipitation or colloid adsorption 
by contact surfaces in the water course. Therefore when the 
oxygen-demand test reveals an added improvement of 35 per 
cent as the result of chemical precipitation, there is justification 
for considering the true effect, which may be realized in terms 
of actual stream improvement, to be greater than the laboratory 
picture would indicate. Weighing performances thus, and con- 
sidering the markedly improved appearance of the effluents 
attained by chemical precipitation, the true potential advantages 
of such treatment become evident. 

Processes that are capable of coping with industrial wastes, 
either alone or when added to domestic sewage, are daily 
assuming greater importance. Authorities are being increasingly 
confronted with the problem of disposal of such wastes through . 
the municipal sewer systems. Chemicals toxic to the activated 
sludge process and non-uniform organic loadings, which overtax 
and upset biological processes, require a new type of treatment 
planning for the future. To demand that industry keep its 
wastes out of municipal sewers or apply partial treatment to 
them before they are discharged into the sewers may be 
theoretically advisable, but in actual practice it seems difficult 
of attainment. It would appear therefore that a possible 
practical solution to this problem is offered by chemical treat- 
ment—either alone or preliminary to secondary biological 
processes, if not continuously, then during the hours of heaviest 
industrial loading. 

Controllability in handling sewage of variable quality and 
volume is among the advantages of chemical processes. Al- 
though the control of such processes is not as simple as some 
would have us believe, nevertheless deficiencies in treatment 
are more readily and quickly ascertained and adjusted, to 
procure effective results, than is possible with biological proc- 
esses that have suffered an upset. 


Choice of Coagulant and Process 


For coagulation there are still available, as of old, the simple 
ferrous sulfate and lime. To efficiently employ this combination 
on most sewages, appreciable aeration is required as well as a 
pH value of 8.4 and higher. Among the modern coagulants 
there is ferric chloride, available in liquid, lump, or anhydrous 
form; the new anhydrous ferric sulfates; and chlorinated 
(oxidized) ferrous sulfate, known as “chlorinated copperas,” 
which is produced as used by merging the chlorinator discharge 
solution with the copperas solution as it leaves the dry-feed 
machines. Another method of procuring ferrous or ferric 
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chloride employs a tower filled with scrap iron, through which 
chlorine water flows slowly upward. The ferrous chloride may 
be used as such or may be converted to ferric chloride by 
further chlorination of the tower effluent. Chlorinated ferrous 
sulfate for the present appears to be the most economical ferric 
coagulant. In the final analysis, selection of the coagulant 
should hinge on the question of what materials or process will 
yield the greatest weight of ferric iron at the least expense. 
In chemical precipitation, all ferric salts are about equally 
effective on the basis of the iron involved. However, this is 
not so with sludge dewatering on the acid side of neutrality. 
In this case ferric chloride remains superior to all other ferric 
salts. 


In making a selection from the chemical processes available, 
each must be considered on its individual merits, with local 
conditions in mind. The same applies in the selection of a co- 
agulant because economics is the basic consideration. The 
avoidance of complicated processes, involving a number of 
chemicals, or those producing heavy sludge deposits, is war- 
ranted. There appears no practical justification for the use of 
anything more than the most inexpensive ferric salt and pH 
adjustment—if required—with a minimum of acid or lime to 
procure the most efficient coagulation with the least sludge pro- 
duction. In some instances the addition of acid to cheapen or 
assist coagulation will be found more effective and economical 
than lime. In chemical precipitation, the simpler the process, 
the more practical and economical it becomes. 


In the use of iron salts, one matter of first consequence in 
performance and chemical costs is that of rapid and efficient 
flash mixing followed by slow-motion flocculation for periods 
of 10 minutes and more. To preclude reduction of the iron 
in ferric salts and avoid indifferent coagulation, air blowing or 
pre-chlorination to oxidize reducing compounds in the sewage 
is almost essential in warm weather. 


The value of pre-settling prior to coagulation has been effec- 
tively demonstrated, first, by Stevenson at Palo Alto, Cal., and 
on a larger scale by Hendon at Birmingham, Ala. A further 
and decided gain is made by withdrawing the chemical sludge 
from the secondary tank frequently if not continuously, and 
delivery into the crude sewage. Economy is attained by reduc- 
tion in the amount of chemicals required, and there is also the 
highly practical advantage of consolidation of the dilute 
chemical sludge with the crude sludge in the primary tank, 
whence the thickened mixed sludges, carrying from 94 to 96 
per cent of water, are pumped to digester or dewatering filters. 
Reduced disturbance in the digester, lessened heat loss, and 
improved quality of the materially reduced volume of super- 
natant digester liquor are likewise important advantages gained 
by the series operation of settling units and return of the 
chemical sludge to the crude sewage. 


A real advantage secured from an hour of pre-settling is 
that variations in the quality of the sewage are minimized, 
especially for sewage likely to contain intermittent concentra- 
tions of industrial wastes. A sewage of far more uniform 
characteristics is thus delivered for coagulation. Furthermore, 
grease and other floatable matter will be confined to the 
primary unit, leaving the secondary precipitation tanks clean 
and sightly and precluding the need for frequent skimming. 
The return of chemical sludges, containing iron floc, to the 
crude sewage not only serves to adsorb non-settleables and 
drag them down but, if added as the sewage enters the plant, 
promptly combines with the volatile sulfides and serves as an 
odor corrective. 


Problem of Increased Sludge Production 
and Disposal 


When it comes to effectual disposal of chemical sludge, the 
combination of dewatering on vacuum filters and incineration 
bids fair to become the preferred method at the larger works. 
For the smaller plants, digestion will be favored provided the 
sludge is not too alkaline as the result of lime precipitation or 
not too heavily loaded with inert precipitation acids or toxic 
metallic compounds, such as would be produced by copper salts 
and the like. At several points incineration is being developed. 
At Dearborn, Mich., the Nichols-Herreshoff type of incinerator 
has been installed under a guarantee that it will successfully 
burn chemical sludge cake. At Winston Salem, N. C., incinera- 
tion of the filter cake is being studied with the thought of 
recovering lime from the ash. Incineration of chemical sludge 
also constitutes a part of the Guggenheim process. 





Digestion of lron-Bearing Sludges 
Successfully Accomplished 


For many years iron-bearing sludges have been successfully 
digested; such reasonable iron content as is found in mixed 
crude and chemical sludges may be expected to improve rather 
than hinder digestion, making for a more granular and more 
easily dewatered digested sludge. Furthermore, the moisture 
content of the sludge is lower, as is also the solids content ot 
the supernatant liquor. The digester gas should be materially 
lower in sulfide content, which is so deadly to man and so 
destructive to gas burners, heaters, gas engines, and other 
appurtenances. More than likely the gas will be practically 
free of sulfide because of the capacity of the iron to combine 
with it, resulting in the production of non-volatile iron sulfide. 
At Birmingham and at Plainfield, N. J., no interference with 
sludge digestion has been noted. The sludge has been of good 
quality. Further, the remarkable clarity of the supernatant 
liquor, containing 100 ppm. of suspended solids, has been 
credited in large measure to the clarifying effects of the iron. 


It has become evident that sewages possess varying degrees 
of resistance to coagulation. Some require several times the 
chemical dosage that others do to secure effective agglomeration 
of the colloidal particles. The concentrations of organic com- 
pounds and inorganic salts produce the varying degree of buffer 
effects which resist acid or alkali ions, productive of changes 
in pH value and consequent release of water from hydrophillic 
colloids, and induces their shrinkage and agglomeration. 


Importance of Effluent Filtration 


In chemical treatment filtration of the effluent deserves the 
same consideration that it should be given as an adjunct to the 
activated sludge process. Few activated sludge plants are so 
liberally designed as to prevent disturbance of the sludge in the 
final tanks during and shortly after periods of peak loadings. 
Also, few are free of the trouble known as sludge bulking. In 
both cases sludge is daily carried out with the effluent, often 
in appreciable volume. This condition may be corrected at 
considerable expense by further increasing the capacity of the 
final settling tank, or by raising the power input to increase 
aeration, or by both methods. Mechanical filtration or straining 
of activated sludge effluents has been successfully practiced and 
deserves more consideration as a means of removing suspended 
sludge flocs from an otherwise satisfactory effluent. Its advan- 
tages are purely economic; the painstaking and expensive 
attempts to maintain a sludge of high density and avoid critical 
velocities through tanks, to prevent sludge “leakage,” may not 
be sound practice if the same ends can be attained more eco- 
nomically by straining filters. 


As regards chemical precipitation, the same argument holds. 
At peak loading a settling period of from 60 to 90 minutes may 
prove inadequate to preclude the sweeping through of the lighter 
floc particles or those slow to form and settle in under-coag- 
ulated sewages. Strainers consisting of coarse-grained and 
high-rate shallow filters—preferably self-cleaning—offer a more 
practical measure of maintaining a uniform effluent than at- 
tempted adjustment of the chemical dosage to meet peak 
requirements, and one more economical than the provision of 
settling capacities sufficient to avoid critical floc-sweeping 
velocities under all loads. In water purification, engineers were 
not long in progressing from coagulation or softening with a 
long period of sedimentation to short-period sedimentation 
complemented by rapid filtration. Filtration of effluents proba- 
bly will come to be an accepted practice at most sewage treat- 
ment plants on grounds of operating economy as well as en- 
hanced efficiency and dependability. 


Cost of Treatment 


The cost of chemical treatment is a much discussed topic. 
Like the cost of the activated sludge process it will vary con- 
siderably with the strength of the sewage, the prices of 
chemicals and power, and the size of the plant. Costs have 
been quoted all the way from $5 to $15 per million gallons 
for the chemicals involved, depending on the process employed, 
the type of sewage treated, and the price of the chemicals. For 
the simplest processes, involving iron salts with or without lime 
in moderate dosages, the quoted figures of $5.60 to $6.50 per 
million gallons for chemicals seem supportable. 

At the Shades Valley Plant of Birmingham, Ala., which 
treats 1 mgd., the simplest of the chemical processes, involving 
the use of chlorinated copperas and pre-chlorination, has given 
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an excellent record of performance. The chemical costs have 
averaged $5.40 per. million gallons with copperas at $17.50 per 
ton and chlorine, in ton containers, at 3 cents per lb.—prices 
that are none too reasonable. On another Birmingham sewage 
of three times the strength—an oxygen demand of 300 and 310 
ppm. of suspended solids—experimental plant operation during 
a period of weeks has justified the predicted chemical costs of 

50 and total operating and fixed charges for a 12-mgd. 
installation, costing $212,000, of $13.84 per million gallons. The 
latter estimate is based on continuous use of the precipitation 
process, involving average chemical dosages as determined. 

If the chemicals are needed only 6 months in the year, their 
average annual cost becomes $3.25 per million gallons, which, 
added to the other operating and fixed charges of $7.34, gives 
a yearly average total of $10.60 per million gallons. This 
amount slides downward toward $7.34, depending on how much 
below 180 days per year the chemical treatment is used. The 
costs at Birmingham are cited because of the comparison that 
can be drawn between two plants having the same type of 
equipment and supervision—a small plant treating a relatively 
weak sewage and a 12-mgd. plant receiving a relatively strong 
sewage from the same municipality. 


Future Outlook for Chemical Treatment 


of Sewage 

Considered as an intermediate process, effective in varying 
degrees according to varying conditions and adapted to inter- 
mittent or continuous application, chemical treatment demands 
due consideration. The increasingly difficult problem of trade- 
wasie disposal, and the effects of such wastes on more favored 
biological processes, would indicate an expanding demand for 
chemical treatment of both municipal and industrial sewages. 
These may be treated in whole or in part, and the chemical 
process may be the only one used or it may be employed to 
prepare difficult sewages for further treatment biologically. In 
either case its application may become seasonal only. 





There is definite indication that a combination of sedimenta- 
tion and chemical precipitation will be productive of the greatest 
improvement in average stream conditions for the smallest 
investment in plant structures and appurtenances, and the lowest 
fixed charges and operating costs. In some cases, biological 
treatment will be required either alone or to supplement chem- 
ical treatment. 

In the hands of plant operators, chemical treatment should 
become a valued “shock absorber” to reduce the loadings on 
biological plants during peak hours on certain days in the week 
or weeks in the year. To relieve odors and prevent the attack 
of sewer gas on masonry, the addition of iron salts to sewers 
above the point of odor nuisance or structure damage has 
much to commend it, as evidenced by results already attained. 

Combination plants, including chemical precipitation and the 
old, reliable, and rugged trickling filter, should be considered 
for small and medium-sized installations. In such cases the 
filter loading will be limited possibly only by the amount of 
liquid it can pass without “drowning.” This is because the 
organic content, especially the slime-producing part, which 
most seriously loads trickling filters and necessitates coarse 
media with large voids, will have been almost completely 
removed as will also the odor-producing compounds and fly- 
breeding substances that accumulate on the upper stones. At 
points where there is a marked seasonal variation in population, 
chemical precipitation prior to filtration can ‘be suspended 
during seasons of low load. Thus, for resorts this combination 
is most promising, practical, and economical. Its advantages 
cannot be overlooked by the sewage economist, and deserve the 
careful consideration of engineers. 


(Since the above article appeared the Committee on Sewage 
Disposal of the American Public Health Association has ren- 
dered a voluminous and thorough report on “Chemical Treat- 
ment of Sewage,’ which has appeared in the November, 1935, 
issue of Sewage Works Journal. This timely report of 111 
pages is too lengthy for reproduction here, and, therefore, the 
“Conclusions” only can be presented.—Editor.) 





CHEMICAL TREATMENT OF SEWAGE 


(Excerpt from Report of the Committee on Sewage Disposal of the American Public Health Association.) 


The above committee dealing with “Chemical Treatment of 
Sewage” rendered its searching and voluminous report of 111 
pages before the Association on October 8, 1935, at Milwaukee, 
Wis. It was printed in full in the November, 1935, issue of 
Sewage Works Journal.* 

The following constitute the Conclusions drawn at the end of 
the report. 

The chemical treatment of sewage includes a wide range of 
effort. From the data cited herein it would appear: 

1. Chemical treatment usually accomplishes a degree of 
treatment between plain sedimentation and biological processes. 

2. By the addition of a zeolite filter following precipitation 
with generous amounts of chemical, the Guggenheim process 
substantially equalled an activated sludge effluent. 

3. The seasonal or occasional use of chemicals is attracting 
favorable notice in situations where sedimentation alone may 
suffice for the greater part of the year or for many years out 
of a cycle. 

_4. The use of chemicals as a preparatory treatment in addi- 
tion to sedimentation ahead of biological filters is practiced in 





‘ *Reprints of the report may be had from WATER WoRKS AND 
SEWERAGE as long as the supply lasts. 





many situations, and prolongs the useful life of existing plants, 
otherwise overloaded. 

5. Of the various processes for chemical treatment of sewage 
considered in the United States, the use of iron salts, particu- 
larly ferric chloride or ferric sulphate seems most favored. 

6. The manufacture of iron salts from scrap iron or tin cans 
with chlorine has been favored in many situations for reasons 
of economy. 

The use of iron salts, particularly ferric chloride, for 
sludge conditioning prior to vacuum filtration has been generally 
adopted where practicable. 

8. The comparison of chemical treatment of sewage with 
other procedures should be studied carefully from the .stand- 
point of adequacy, performance, and cost. 

9. The use of chemical treatment in handling industrial 
wastes appears to have a definite place, where performance and 
cost justify the procedure as compared with other methods. 

The Committee presents this report as a summary. If errors 
are found or additional data are available, the Committee would 
welcome the information at an early date, if sent to the chair- 
man. 

Langdon Pearse, chairman; Harrison P. Eddy, Willen Rudolfs, 
C. E. Keefer, P. J. A. Zeller, F. W. Mohlman, C. K. Calvert, 
A. M. Buswell, A. E. Berry, F. M. Veatch. 
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HOURLY LOAD VARIATIONS IN RELATION TO SEWAGE 
TREATMENT PLANT OPERATION 


By ELSON T. KILLAM* 
New York City 


The wide variations in the hourly load arriving at sewage 
treatment plants, due to the combined effect of variations in 
sewage strength and in rate of sewage flow, have previously 
been discussed by the writer.’ 

Data then available were confined to two plants, both located 
in Georgia. Investigations recently conducted on two systems 
in New Jersey involving widely different conditions than those 
of the two systems originally described, indicate surprisingly 
similar load variations. 

Tests of 24-hour duration with frequent flow readings and 
separate analysis of hourly or two-hourly samples emphasize the 
following conditions in these four systems: 


(1) A substantial portion of the total daily load arrives at the 
plant in a comparatively short operating period—see curves. 


(2) The hourly variations and per cent of the total daily load 


*Associate, Alexander Potter Engineers, New York, N. Y. 











arriving at the plant in any given period are not markedly dif- 
ferent regardless of whether the load be expressed in terms of 
flow and B.O.D. content—or, expressed in terms of flow and 
suspended solids content. 


(3) Load variations from hour to hour are surprisingly uni- 
form regardless of the size of the system or other factors which 
might normally be expected to create widely different conditions, 


(4) Hourly distribution of load and variations therein have 
important effects on plant efficiency and on operating procedure 
with many types of treatment plants, particularly chemical 
plants. These variables emphasize the desirability of providing 
for flexibility in design to allow variable operation. 


Studying the Load Variations 


A convenient method of summarizing sewage load. variations 


‘Hourly Load variations as a Factor in Sewage Treatment F i 
Plant Operation’—WatTer WorKs AND SEWERAGE; July, 1934; is by means of cumulative load curves. To obtain data for such 
pp. 237-240. a curve, samples should be collected throughout a full 24-hour 
TABLE NO. 1 — DATA RELATIVE TO CUMULATIVE LOAD CURVES 
Distance 
from 
Sampling 
Point to Method 
Most Remote Flow Data 
Curve Location Type of Average Estimated Point in Measure-_ Relative 
Num- oO District Flow— Tributary Date of System— ments to 
ber System Served M.G.D. Population Test Period Miles (*) Samples 
“A” DECATUR, GA. Strictly 0.167 2,200 4 p. m., Sat., Oct. 28 2.5 90 deg. V (a) 
(Shoal Creek Outlet Residential; to Notch 
Sewer) Separate System 4 p. m., Sun., Oct. 29, Weir 
1933 
7 RAHWAY, N. J. Separate System; 1.84 23,000 3 p. m., Mon., July 23 7.8 90 deg. V (a) 
(Rahway Valley Joint Residential, with to Notch 
Trunk Sewer for some Industries 3 p. m., Tues., July 4, Weir 
7 Municipalities) and some Business 1934 
Districts 
“Cc” ELIZABETH, N. J. Separate System; 14.19 288 ,000 2 p. m., Ther., Aug. 2 18.0 Venturi (b) 
(Elizabeth Valley Residential, with to Meter 
Joint Trunk Sewer some Industries 2 p. m., Fri., Aug. 3, 
for 12 Municipalities) and some Business : 
Districts 
“D” ATLANTA, Ga. Combined 15.22 110,000 8 a. m., Fri., May 3 8.0 Recording (a) 
(Main Sewer System; to Gage at 
Entering Peachtree Residential, with 8 a. m.. Sat., May 4, Station 
Creek Plant) some Industries 1933 Rated by 





* All Flow 


and some Business 
Districts 


Readings at half-hour intervals. 


Current 
Meter 


(a) Samples collected at half-hour intervals—each group of four composited and analyzed. 
(b) Samples collected at half-hour intervals—each group of two composited and analyzed. 
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Fig. 1—Cumulative Loads, Based on Floc and Suspended Solids 
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d, preferably at intervals of 15 minutes or % hour. These 
samples should be proportionate to the flow and each group ot 
samples comprising a period of one or two hours’ duration 
should be separately analyzed. It is also essential to take flow 
measurements at frequent and coincident intervals. In this way 
the total pounds of suspended solids or B.O.D. arriving at the 
plant during each hour of the day, may be ascertained. Cumu- 
lative load curves may then be constructed by selecting, trst, 
the hour at maximtim load, and subsequently taking each con- 
secutive hourly load in order of descending magnitude, and plot- 
ting of 24-hour curve. Loads expressed in terms of flow and 
suspended solids content, or flow and B.O.D. content, or both, 
way be used for the study. 

Typical examples of such curves, showing data for the four 
systems investigated, are shown in Figures 1 and 2, the former 
being based on load determined by suspended solids content and 
flow, and the latter upon B.O.D. and flow. 

Statistics, showing the type of system, average daily tow, 
tributary population, and other information, for the four systems 
investigated, are shown on Table 1. 


perio 


Similarity in Load Variations 


In view of substantial differences in type and size of the four 
systems referred to in Table 1, the relatively small difference in 
the load developed in any given number of hours in each of the 
systems, is of especial interest. 

The Decatur (Ga.) system, for instance, involved a sewage 


flow of only 0.16 m.g.d. with a population of only 2,200 people in 
a strictly residential area, and with the most remote point in 
the area served only 2% miles from the point of sampling on 
the trunk sewer. 

On the other hand, the Elizabeth Valley System involved a 
total flow of 14.19 m.g.d. from a tributary system comprising 
several hundred miles of sewers serving 228,000 people. Remote 
portions of the system are at least 18 miles distant from the 
point at which flow measurement and samples were taken. 

It might well have been expected that in such an extensive 
system as the latter, the variations would be smoothed out and 
greatly reduced in magnitude before the sampling point was 
reached by the passing flow. Comparison of all four curves, 
however, indicates that in no instance, within a fixed number of 
hours of operation, does the total cumulative load arriving at the 
plant vary by more than 13 per cent. Examination of the curves 
also discloses that the distribution of the load, based on suspended 
solids, agrees very closely with the load based on 5-day B.O.D. 


What It Means 


The similarity of these curves indicates that load variations in 
substantial proportions may be expected on every sewerage sys- 
tem. These variations and their effects are accordingly impor- 
tant in the design and operation of sewage treatment plants; in 
the measurement and evaluation of treatment plant efficiency ; 
and, in the collection of river samples below sewer outlets during 
investigations of the pollution of receiving streams. 


KILLING ROOTS IN SEWERS WITH COPPER SULPHATE 
By J. W. McAMIS 


Suferintendent Water Works and Sewerage, Greenville, Tenn. 


Roots give a great deal of trouble in the smaller sewers, by 
causing stoppages wherever they may happen to find an entrance 
into the pipes carrying domestic sewage. 

For four or five years now 
we have been using copper sul- 
phate to combat this trouble. 

We have a man whose duty 
it is to visit each manhole in 
the system at least once each 
month, looking for stoppages. 
He carries along on _ these 
trips a small bag or bucket of 
copper sulphate and drops a 
small handful of crystals down 
into the flowing sewage wher- 
ever he finds that the stoppage 
is downstream. 

After a reasonable amount 
of experience in this work a 
man can tell pretty well where 
trouble is to be expected in 
the near future, by the nature 
of the flow of the sewage and 
by the conditions in the bottcm 
of the manhole. 

In cases where stoppage is 
due to roots, sewage will back 
up into the next manhole 
above during periods of great- 
est flow during the day and 
will recede during periods of low.flows. This condition may exist 
for days or possibly weeks before the sewage begins to overflow 
the top of the manhole and rum into the street. By throwing in 
the copper sulphate crystals while the sewage is still flowing, a 
sufficient concentration of the poison will usually reach the seat 
of the trouble to eliminate it before the stoppage is complete. 

At Greenville, we have the same man doing this work that 
looks after the disposal plants and he tells me that he can predict 





Specimen of Sewer Choker. 
This “Bush” Supported by a 
Single Feeder 


almost exactly when the balls of roots will turn loose and come 
down to the treatment plant following the copper treatment. 

Since we have been using this scheme it is a rare day when we 
have to send out a truck with sewer-rods and other equipment 
to open up a stopped sewer. 

NOTE: The above operating “kink” appeared in the March, 
1933, issue of WATER WorKs AND SEWERAGE. In reply to an 
inquiry, Mr. McAmis makes,the following comments in April 
1936: 

“Regarding the exact quantity of the sulphate required for good 
results, 1 have attempted no determination of the necessary con- 
centration of copper sulphate. However, it is my opinion that the 
length of the contact period is a more important factor than the 
actual concentration of the copper sulphate. To illustrate; the 
ideal condition seems to be where a small flcw of sewage, say two 
to five g.p.m., is just trickling through a mass of roots. Ina case 
like this a small handful of the chemical applied in the manhole 
just upstream from the stoppage will do the trick. 

If the flow is greater, as determined from looking in the man- 
hole just below the stoppage, greater quantities and possibly re- 
peated applications would be necessary. If it is kept in mind that 
it is time of contact that is important, rather than the amount of 
copper sulphate, no trcuble should be experienced in carrying out 
this operation. 

Another important point to remember is that it is useless to 
apply the copper sulphate in a sewer that is completely stopped, 
for unless there is at least a small flow of sewage through the 
obstruction there is no chance for contact between the roots and 
the copper solution. Sewer rods would be the cnly remedy here— 
at least to start some flow through and allow the copper to reach 
the roots.” (Since it is only necessary to kill the small root 
which enters the sewer, and not the great mass of roots branching 
from it, the important factor is that of reaching the feeder root 
with the killing chemical. Then, the flow pulling on the large 
heavy “brush”, causes the weakened base root to break. Pre- 
chlorination of sewage has been found to produce the same results 
on root infected sewers but is not so simply applied as the copper 
treatment.—Ed. 
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SERVICING OF POROUS AIR DIFFUSERS* 


By FRANK C. ROE 


Sanitary Engineer, The Carborundum Co. Niagara Falls, N. Y. 


To maintain the high efficiency of porous diffuser plates and 
tubes of the type used for aeration in sewage and water treat- 
ment plants, their operation should be checked regularly. Par- 
tial clogging of the porous structure may occur for a number 
of reasons, thereby decreasing the effectiveness and increasing 
the cost of aeration. 


The writer and his company have made a study of the various 
methods of servicing diffusers necessary to maintain their effi- 
ciency for a reasonable life. 


The most immediate and positive indication of obstruction 
within the diffuser structure is an increase of compressor or 
blower pressure necessary to supply a given quantity of air. 
Visual examination of the aeration tank or tanks will also dis- 
close non-uniformity of diffusion which may be due to a par- 
tially clogged condition. This is a practical determination but 
not so conclusive as the first. 


Diffusers may become clogged on either the air side or on the 
liquor side; that is, on the top or bottom of plates and on the 
outside or inside of tubes. Both classes of clogging may be ex- 
perienced simultaneously, but are avoidable to a great extent. 


Liquor Side Clogging 


1. Suspended Solids: Perhaps the most common type of 
clogging is caused by interruption of aeration during which the 
solids in water, sewage, sludge or mixed liquor settle and the 
water content filters through the diffusers into the air duct. 
Most of the solids in suspension are intercepted at the diffuser 
surface, but a definite proportion, depending on the pore size, 
will enter the top 1/16 to % inch of the structure. When aera- 
tion is resumed all of these particles will not be blown out of 
the structure and cumulative clogging results. 


Maintenance of continuous air delivery, at least to some de- 
gree, is the positive way to preclude this trouble. Temporary 
cessation of the air supply is not impossible with modern equip- 
ment, but the usual auxiliary blowers with standby power units 
and inexpensive automatic control equipment will largely elim- 
inate shutdowns. 


Care should also be taken not to over-design in the matter 
of diffuser area. Not less than one cubic foot of air per min- 
ute should normally be discharged per square foot of diffuser 
area. Insuring a higher rate, so as to maintain good air ve- 
locity through the pores as well as uniformity of diffusion from 
the entire diffuser area, is better practice still. 


2. Organic Growth: Another form of liquor side clogging is 
growth of bacterial and protozoa life in the uppermost portion 
of the porous structure. This may be attributed, at least par- 
tially, to non-uniformity of diffusion. All of the diffusers con- 
trolled by a single valve may not have similar permeability rat- 
ings, or the individual areas of any particular diffuser plate 
or tube may not be uniform one with another. 


As suggested, it should be possible to avert clogging of this 
nature by careful installation and selection of plates or tubes. 
All units controlled by a single air valve should have a sim- 
ilar permeability rating within limits of 0.5 cu. ft. or less. Uni- 
formity of individual diffusers depends upon precision and per- 
fection in manufacturing. 


*Excerpts from an article appearing in WATER WoRKS AND SEw- 
ERAGE, April 1934. 
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Plate Cover for Protecting Diffuser Plates During Setting 








Plate 1—A Section of Aeration Tanks (Sewage Treatment 
Plant, Golden Gate Park, San Francisco), an Example of Uni- 
form Diffusion 


3. Miscellaneous: Very often protection from cement grout 
(or other material used to install plates), dirt, .debris, etc., is 
not provided during installation or when tanks are empty, and 
appreciable surface clogging results. A plate cover (see sketch) 
should be used to shield plates from cementing materials dur- 
ing installation, and other protective measures should be ob- 
served when tanks are empty. 


Air Side Clogging 


1. Dirt in Air: Air containing a high quantity of soot or 
other impurities is a major source of clogging on the underside 
of diffuser plates or inside of diffuser tubes. Selection of ef- 
fective air filters and care in locating the air intake are ob- 
vious preventatives. 


The thought should be injected here that diffusers of higher 
permeability than the type used during the early days of sew- 
age aeration are undoubtedly subject to less clogging of this 
nature because of relatively larger pores through which many 
of the fine suspended particles pass rather than stop. It is doubt- 
ful if the air bubbles released from higher permeability dif- 
fusers are very much larger than the bubbles discharged from 
the earlier low permeability grade of diffuser. The fact re- 
mains that higher permeability diffusers have not been less ef- 
fective than those of lower ratings previously specified. 


2. Oil in Air: Reciprocating compressors are now rarely 
used in sewage aeration, but the oil which they force through 
air lines is responsible for pronounced diffuser pore plugging. 
Fortunately, the low pressure required for sewage aeration per- 
mits the use of rotary blowers of the centrifugal or positive 
displacement type. If reciprocating units must be used for any 
reason, an oil trap or filter of some kind should be used be- 
tween the compressors and the diffusers. 


Certain types of primary air filters depend on the use of an 
oil for cleaning or renovating. In this operation it is recom- 
mended that a partial wash with a solvent be given after the 
oil treatment so that oil will not be blown free and carried 
through the diffusers. 


3. Air Pipe Rust or Scale: It is generally recognized that 
cast iron pipe as a material for air lines is sufficiently resistant 
to corrosion from moisture to be considered to have almost an 
endless life. Genuine wrought iron is likewise considered sat- 
isfactory. Galvanized or sherardized steel pipe would be con- 
sidered suitable for relative short periods of life, while ordinary 
black iron pipe or steel is not suitable. 

In spite of the consideration given to this phase of air pipe 
design, there is evidence that some air side clogging is caused 
by iron oxide in the form of rust particles and scale. 

There are economic considerations involved in preventing this 
source of clogging. Aluminum and copper pipe have been used 
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for the smaller air lines and are recommended along with other 
types of corrosion resistant pipe. However, if the use of such 
pipe raises the installation cost appreciably it should be bal- 
anced against the estimated cost of diffuser servicing and re- 
placement. 


4. Miscellaneous: Air lines left in a dirty condition after in- 
stallation can cause clogging of considerable magnitude. The 
remedy is obvious. Cast iron diffuser plate containers may cause 
the same difficulty as does iron piping, but to a lesser degree. 
Mr. William M. Piatt has avoided this possible source of trou- 
ble in designing containers for some of his plants in North Car- 
olina, by using aluminum container linings. At other plants 
the entire plate holder is to be of aluminum. 


Restoration of Diffuser Efficiencies 


Because of the diversified types and degrees of clogging ex- 
perienced in the 100-odd activated sludge plants in the country, 
it is natural to expect that there are many methods of cleaning 
in use. Lacking information on the subject, plant superintendents 
and operators have, more or less successfully, devised and de- 
veloped individual methods of their own. 


Plate Cover for Protecting Diffuser Plates During Setting 


The writer’s company, in addition to considerable experi- 
mental work in the research laboratories. has fostered a survey 
among those in charge of plants throughout the United States 
and Canada, believing that many practical methods of diffuser 
cleansing would come to light. The response to our inquiries 
and the cooperation received has been most gratifying and has 
made it possible to present the outline to follow. Some of the 
methods have been improved, amplified or supplemented as the 
result of certain research work which we have conducted. 


Methods employed in diffuser cleaning can be divided into two 
general classes; viz., methods*applicable to diffusers in place 
(suitable largely to liquor side clogging) and methods which are 
adaptable only to removed diffusers. Tubes are cleaned for the 
most part by the latter method because they may be quickly and 
easily removed. The methods to follow are not given in an order 
to indicate preference. 





Plate 2—An Illustration of Good Uniformity of Diffusion on the Left; Poor Uniformity on the Right. (Photographs Taken Look- 
ing Down on Diffusion Plates in Testing Apparatus) 


Cleaning Diffusers in Place 


1. Caustic Treatment: Clean aeration tank and surface of 
diffusers thoroughly with hose stream and leave about % in. 
of clean water over plates, providing the slowest practical air 
diffusion during this period. Dissolve about 1/10 lb. commer- 
cial lye crystals over each square foot of plate and then shut off 
air. Allow solution to penetrate plate (10 to 15 minutes), add 
more clean water, and then turn air on a maximum rate. (Note: 
This method is chiefly applicable to removal of organic com- 
pounds. ) 


2. Sand Blasting: Dry plates thoroughly by draining con- 
tainers completely and blowing out porous structure with air 





Plate 3—Diffuser Plates Stacked in Furnace for Burning-Out of 
Organic Matter. (More Clearance Between Plates Preferable ; 


See Method 14) 
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applied at high rate. Sand blast plate surface with usual type 
of sand blast equipment, using “Blastite’ Grain. Remove not 
more than 1/32 in. from surface, maintaining maximum air 
discharge during the operation. One minute or less is required 
to clean a plate by this method. 


3. Surface Spalling: This method is applicable to diffuser 
plates of the silica type. Dry plates by draining containers and 
blowing out porous structure with air at high rate. Apply blow 
torch flame to entire top surface of plate until it cracks into 
flakes. Sweep off this film or scale and rub surface smooth with 
a Carborundum rubbing block. Sweep off particles again. Leave 
air on during entire operation. 


4. Burning Out Surface: Dry plates by draining containers 
and blowing out porous structure with air at high rate. With 
air off, saturate each plate with one quart of alcohol and apply 
heat with blow torch. Dry and brush off surface. 


5. Acid Washing and Scrubbing: Dry plates by draining con- 
tainers and blowing out porous structure with air at high rate. 
With air off, apply a 30 per cent solution of hydrochloric (mu- 
riatic) acid to the surface liberally and allow same to penetrate 
somewhat before turning on air at a low rate. Scrub with a 
stiff brush, using more acid if necessary. Follow with a clean 
water wash and scrubbing with a wire brush, continuing air 
discharge at a somewhat higher rate. (Note: This method is 
chiefly applicable to removal of inorganic compounds.) 


6. Vacuum Cleaning: This method has not been proven but 
was suggested by authorities at the Milwaukee Sewage Treat- 
ment Plant, where a trial was intended. A vacuum pump was 
to have been used with a suction inlet of small area which would 
be held closely against and moved back and forth across the 
diffuser surface to be cleaned. 


7. Rest: Dry plates by draining containers and blowing out 
porous structure with air at high rate. Allow diffusers to rest 
while dry for a week or more. (Note: The theory of this treat- 
ment is that the change of conditions will cause the bacterial 
and protozoa growth in the porous structure to die.) 


8. Chlorine Treatment:* Introduce a strong dose of chlorine 
into the branch air line leading to each diffuser assembly for 
several minutes during a low rate of air flow. Following by 
blowing out diffusers with the maximum possible rate of air 
flow.’ (Note: This method is chiefly applicable to removal of 
organic compounds and carbonates.) 


9. Steam Backwashing :* Dry diffusers by draining and blow- 
ing out porous structure with air at high rate. Introduce steam 
into the branch air line at 10 lbs. pressure and scrub diffuser 
surface simultaneously with a stiff brush. 


into the 
Scrub 


10. Water Backwashing:* Introduce clean water 
branch air line under pressure of 15 to 20 Ibs. per sq. in. 
diffuser surface simultaneously with a stiff brush. 


Cleaning Removed Diffusers 


11. Acid Pickling: Wash diffusers with water (use hose and 
brush). Set in a vertical position and allow to drain and dry 
as much as possible. Soak in 30 per cent solution of hydro- 
chloric or nitric acid for four hours. Wash with water. (Note: 
Use Hydrochloric acid if it is desired to dissolve inorganic 
compounds and nitric acid if it is desired to oxidize organic 
compounds. ) 


12. Caustic Treatment: Place diffusers in vessel containing 
a 10 per cent solution of sodium hydroxide (lye) and boil for 
about one hour. Remove from this solution and wash _thor- 
oughly in boiling water. (Note: This method is only applica- 
ble to partial removal of organic compounds, chiefly fats, which 
are saponified by the caustic soda and then dissolved in hot 
water.) 


13. Sandidasting: Dry diffusers thoroughly (preferably in an 
oven of some kind) and sandblast (Method 2) on either or 
both sides, as required. It is recommended that, where prac- 
ticable, the diffuser be inserted in a container which will make 
it possible to force air through it at a high rate during the op- 
eration. This will eliminate any clogging by the dust created. 


*Methods applicable to tubes or plates and of some benefit also 
in cleansing the air size of diffusers. 








14. Burning: This method is applicable to diffusers of the 
fused crystalline alumina type. Place diffusers in a furnace or 
kiln in any convenient position, leaving a space of not less than 
Y2 in. between units. Raise temperature gradually during 19 
hours to about 1000 deg. Centigrade and then allow to cool grad- 
ually. The cycle should take at least 16 hours. Fuel of any kind 
is satisfactory, but care must be taken to avoid impingement of 
flame against diffuser surfaces. At Decatur, Ill., gas from sludge 
digestion was used. 


Selection of Method 


Every plant operates under conditions peculiar to itself, which 
will prove a factor in the ease or difficulty of diffuser seryic- 
ing and the methods of cleaning which can be, or should be, 
used. One method may work satisfactorily in one place but be 
wholly unsatisfactory in another place or at another time. 


In general, methods used on diffusers in place are not better 
than 75 per cent effective and range down to as low as 10 per 
cent where the clogging is almost wholly on the air side. Meth- 
ods of cleaning removed diffusers are much more effective and 
are from 60 to 95 per cent effective. It is usually a combina- 
tion of two or more methods which will produce the best re- 
sult; because, any single method is not a cure-all. 


The combination of causes and degree of clogging vary great- 
ly and therefore it is not possible to give a rating of effective- 
ness to each method of restoration. It can be stated, however, 
that acid pickling of removed diffusers (Method 11) followed 
by burning in a furnace or kiln (Method 14) is 90 to 100 per 
cent effective, regardless of type or degree of pore plugging. 
This combination is therefore, recommended where serious clog- 
ging exists. 

A simple improvised furnace can usually be built at a sewage 
plant to refire diffusers, other considerations being  satisfac- 
tory. Where this work proves impracticable in the field, the 
writer's company will use its kilns at Niagara Falls for refiring 
when requested. Such arrangements would offer an added ad- 
vantage in that refired diffusers can easily be retested and rated 
so that they may be properly re-installed thereafter. 

The above suggests the consideration of providing a simple 
permeability testing apparatus at sewage treatment plants which 
would be useful in re-rating removed diffusers which have been 
cleaned at the plant. Even theugh original markings are re- 
tained, which is doubtful, all units will not respond equally to the 
cleaning method employed and will have a new permeability 
rating which should be determined when re-installation is made. 


For acid pickling (Method 11) a wooden tub is satisfactory. 
The caustic treatment requires an iron kettle because of the 
boiling operation. _Workmen should use precaution in these 
methods by wearing rubber gloves, aprons, etc. Tongs can be 
used to handle diffusers. 


Where existing plate containers do not permit simple mechan- 
ical plate removal, a joint composed of sand in the bottom % in. 
and cement grout in the top, is recommended for setting plates 
in holders. This will save time and avoid plate breakage when 
removal becomes necessary. Plates so installed should be set 
with a lime mortar under the supporting edges to insure an even 
bearing. 


Conclusion 


The practice of regular servicing should be stressed if the 
diffusers in any plant are subject to a known source of clogging. 
If this is done, whether it is apparently needed or not, the per- 
meability will be maintained indefinitely, in all probability, and 
one or more of the simple and least costly methods of revivifica- 
tion can be employed. 


Because of the several potential sources of diffuser pore 
plugging which exist, and because many of these cause air side 
clogging, the use of plate contaimers which permit easy removal 
of plates is recommended. Ease of removal and replacement is 
one of the important advantages of diffuser tubes for smaller 
plants. 


Diffusers of high permeability are less subject to clogging be- 
cause of larger pores. They operate on a slightly lower air 
pressure than low permeability diffusers. Because of these ad- 
vantages, and the fact that effectiveness of aeration is not 
decreased (compared to that provided by low permeability dif- 
fusers), plates of a higher rating are recommended. 
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PRACTICAL ASPECTS OF STORING AND HANDLING 
FERRIC CHLORIDE” 
By J. M. POTTER* 
Philadelphia, Pa. 


The steady advance in the utilization of chemicals in sewage 
treatment has created an increasing interest among engineers and 
municipal officials in the problems involved in their use. 

The object of this article is to supply a concise outline of the 
more significant properties of ferric chloride and effective meth- 
ods of handling and storing it. 

At this time there are three commercial forms of ferric 
chloride available: 

1. Liquer—An aqueous solution which is prepared to contain 
between 39 and 45 per cent FeCl; by weight to meet exact speci- 


fications. 
2. Crystals—A_ definite crystal of the formula FeCl;.6H.O 


containing 60 per cent FeCl; by weight. 


FRIPPIC CHLORIDE 
Sasin'Tr i WATE 
Tread 





Solubility of Ferric Chloride at Varying Temperatures. Note 
that a 45 Per Cent Solution will Crystallise at About 52 De- 
grees F.; a 33 Per Cent at Zero. 


3. Anhydrous—A complete water-free form containing 98 per 
cent or more FeCl; by weight. 


Liquid Ferric Chloride 


Commercial ferric chloride liquor is a dark brown, somewhat 
oily appearing aqueous solution of varying concentrations. Ob- 
viously for the lowest transportation cost, the FeCl; content of 
these solutions should be as high as possible but concentrations 
are limited by crystallizing temperature conditions during transit 
or storage. To prevent crystallization the strength of solutions 
usually varies from 45 per cent in midsummer to 39 per cent 
FeCl; in midwinter. Average concentration of shipments over 
a period of several years has been 42 per cent. 

Shipments are made in rubber-lined tank cars holding 8,000 
gallons and averaging 40,000 pounds of dissolved FeCls per car. 
The dome of the tank car is equipped with sump and center 
level discharges, a filling and air pressure pipe with gauge con- 
nection and a rubber disk safety valve which relieves at gauge 
pressures exceeding 25 pounds. The car is unloaded by attach- 
ing a rubber hose to the discharge connection and siphoning in 
case of low level storage tanks or by applying air pressure up 
to 25 pounds where a lift is required. 

The maximum lift by air ejection is limited to 40 feet. If high- 
er lifts are necessary a suitable pump should be provided. 

Ferric chloride liquor (referred to in the trade as liquid ferric 
chloride) is easily handled and is usually the most economical 
form for use by the large conSumer, who is reasonably near a 
source of supply. However, it has the disadvantage of requiring 


*Chemical Engineer, Technical Service Dept., Pennsylvania Salt 
Manufacturing Co., Philadelphia, Pa. 
'From WATER WorRKS AND SEWERAGE, January, 1935. 





Filter and Sludge Conditioning Tank—Chicago Sanitary Dis- 
trict. Here the Operations are Under the Control of an “Elec- 
tric-eye”’. 
transportation costs on its 58 per cent (average) water content, 
railroad siding facilities, and storage tanks for one or more cars. 


Storage Tanks 


Except for its strongly corrosive nature, ferric chloride liquor 
offers no storage hazard, the only storage problem being pro- 
vision of sufficiently large ferric chloride resistant tanks to store 
one or more carloads. Ten thousand gallons should be the mini- 
mum storage capacity for plants using tank cars of ferric chloride. 
Wood, reinforced concrete, or steel tanks. lined with rubber. with 
all exposed exterior surfaces painted with a ferric chloride re- 
sistant paint are the ideal containers. Covered tanks need not 
be sheltered but, in the case of unsheltered tanks, the strong 
liquor received during warm weather should be diluted in the 
storage tanks during the colder months to prevent crystallization. 
If possible, storage tanks should be elevated to permit the liquor 
to flow by gravity to dilution tanks or feeders, thereby confin- 
ing all pumping to the simple air lift unloading operation from 
the car. 

The concentrated ferric chloride solution taken from storage 
is preferably diluted to a 2 or 3 per cent solution when applied 





Ferric Chloride Dissolving Tank—Hagerstown, Md. Sewage 

Treatment Works. Steel Tank with Rubber Lining and Faced 

with Acid-proof Protecting Brick Laid with Acid-proof Cement. 

Anhydrous Ferric Chloride in Non-returnable Steel. Drums 
Stocked in Rear. 
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Sketch of Trouble Free Equipment and Method of Dissolving, 
Diluting and Feeding Ferric Chloride. 


by one of the methods noted later in this article under “Feeding 
Equipment.” Rubber-lined wood tanks under cover serve the 
Sewage Treatment Works of Milwaukee. 


Crystal Ferric Chloride 


Crystal ferric chloride is the oldest commercial form. As in- 
dicated in the accompanying graph, four hydrated crystals of 
ferric chloride can be formed; but, only the dodecahydrate, 
Fe2Cl..12H:O, (commonly written FeCl;.6H:O) is now commer- 
cially available. This material contains 60 per cent FeCl, by 
weight, is in the form of large yellow or brown lumps, has a 
melting point of 98.6° F., is slowly soluble in water at average 
tap temperatures, and is moderately hygroscopic. 

The crystals are marketed in non-returnable, hardwood, par- 
affine-lined barrels of 55 gallons’ capacity, which contain approxi- 
mately 435 pounds of material. To prevent melting, and possi- 
ble leakage, it is advisable to store barrels in single tiers under 
dry conditions at temperatures below 98.6° F. The storage space 
required is approximately 70 square feet per ton of FeCl. 

Equipment for preparation of solutions and feeding crystal fer- 
ric chloride will be discussed in connection with anhydrous ferric 
chloride solutions, because of the close similarity of each. 


Anhydrous Ferric Chloride 


Anhydrous ferric chloride occurs rarely in nature, possibly the 
only source being the lava of Vesuvius. It takes the form of 
small greenish-black crystals with a melting point of 577.4° F., 
and is extremely hygroscopic, being readily soluble in water to 
45 per cent concentrations at room temperatures above 55 de- 
grees. 

At present, the anhydrous form is being shipped in non-return- 
able steel drums holding 150 pounds of material. The drums, 
15%% inches in diameter by 20 in height and weighing 10 pounds, 
are fitted with a 9-inch air-tight gasket and lid held in place by 
4 screw bolts. “These drums are convenient packages which may 
be stacked and stored indefinitely without deterioration. Stor- 
age space required is approximately 40 cubic feet per ton of 
FeCl. 

Anhydrous ferric chloride has a decided advantage over the 
other forms by reducing transportation costs and storage space 


requirements 40 per cent or more. In addition, waste by leakage 
or deterioration is eliminated. 


Preparation of Solution, Feed Methods 
And Equipment 


The hygroscopic character of ferric chloride prohibits the use 
of dry feeds.. The corrosive nature of solutions prevents the use 
of ordinary piping and feeding equipment. A 20 per cent ferric 
chloride solution rapidly attacks the common metals and aehy- 
drates wood, causing it to warp and shrink. Wood, or reinforced 
concrete, resists the action of weak solutions since excessive 
hydrolysis forms a protective hydrate coating. Equipment made 
of, or lined with, rubber, glass, Bakelite, or ceramic material, or 
the resistant metals such as Durichlor, or Hastelloy “C,” wif] 
resist all concentrations of ferric chloride at normal tempera- 
tures. Rubber, glass, or ceramic materials may require addi- 
tional protection against mechanical abrasion, or heat variation, 

Feeding apparatus may vary from a simple solution tank with 
constant head orifice box to a modern “electric eye” controlled 
installation such as that used at the Chicago Sanitary District, 
The ideal and foolproof method of feeding involves 3 distinct 
steps: (1) Solution, (2) Dilution, (3) Application. 


Dissolving Tanks 

Solution tanks are necessary for dissolving either the crystal 
or anhydrous ferric chloride. Concentrations of less than 40 
per cent are recommended to prevent crystallization and, in the 
case of anhydrous ferric chloride, high temperatures at the time 
of preparing the strong solution. 

Solution strengths should be determined by adding a weighed 
quantity of ferric chloride to a definite volume of water as 
hydrometer measurements have proved to be unreliable. The 
tank should be at least partly filled with water before adding 
anhydrous ferric chloride to prevent the formation of the slowly 
soluble higher crystals and if the total contents of a drum are 
not added at one time the lid should be tightly replaced. Solu- 
tion tanks of steel, reinforced concrete, or wood, lined with rub- 
ber and faced with acid-proof brick and cement, and of sufficient 
size to dissolve a 12 hour supply of ferric chloride, are prefer- 
able. A material rack, or compartment, and mechanical means 
of agitation are desirable features. Here illustrated is such a 
tank in connection with a pump which serves the dual purpose 
of agitating and lifting the concentrated liquor to the dilution 
tank above. A similar tank is in use at Hagerstown, Md., where 
the solution is raised to the dilution tank by a vacuum lift. 











Ferric Chloride Service Tank—Rubber Lined. Note Hose Con- 
nections and the “Saunders” Pinch-type Diaphragm Valves for 
Corrosive Liquids. Dearborn, Mich., Sewage Treatment W orks. 
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Dilution Tanks 

Dilution tanks are advisable for preparing and supplying uni- 
form solutions to feeders. Concentrated solutions are diluted 
to 3 or 4 per cent FeCl; by adding gauged volumes of water and 
liquor. Experience indicates that stronger than 5 per cent solu- 
tions exhibit intense localized reaction on application and solu- 
tions weaker than 2 per cent may be appreciably hydrolyzed, 
especially by diluting waters of high alkalinity. Dilution tanks 
may be similar in construction to solution tanks without the acid- 
proof brick facing. Reinforced concrete tanks painted with a 
ferric chloride resistant paint, or large stoneware crocks are 
suitable. Other desirable features would include a mechanical 
stirrer, a graduated gauge rod, or glass, and a capacity for at 
least 4 hours’ supply of solution. A tank with the depth exceed- 
ing other dimensions is preferable for more accurate gauging. 


Solution Feeder 

A positive displacement or a variable siphon head type of solu- 
tion feeder is recommended for applying ferric chloride solutions. 
Several such corrosion resistant feeders, which have entirely cor- 






rected the uncertain performance peculiar to the old orifice type 
feeder, are on the market today. 


These feeders may be either 
manually or automatically regulated. Space does not permit even 


a limited discussion of all such feeders but following is a list of 


manufacturers: Builders Iron Foundry, Providence, Rhode 
Island; Galigher Company, Salt Lake City, Utah; Hills-Mc- 
Canna Co., New York City; Omega Machine Co., Kansas City, 
Mo.; Phipps & Bird, Inc., Richmond, Va.; Wallace & Tiernan, 
Inc., Newark, N. J. 


Obviously, a gravity flow from solution tank to the final point 
of application is the ideal feeding arrangement. When lifting is 
necessary, any method which employs ferric chloride resistant 
materials may be used. Rubber-lined or hard rubber pumps, 
pipe and fittings are satisfactory for handling ferric chloride 
solutions at normal temperatures. Equipment made of Durichlor, 
or Hastelloy “C” is recommended for hot solutions. 

For simple coagulation of sewages with ferric chloride, water 
purification practice for flocculation and sedimentation will give 
the best results. For sludge conditioning rapid agitation for 5 
or 6 minutes followed by continuous filtration is preferabie to 
the batch method. 








SEWER CLEANING WITH RUBBER BEACH BALLS 


By A. M. RAWN, C.E.* 
Los Angeles, Calif. 


During construction of the sewer lines of the Los Angeles 
County Sanitation Districts, the problem of cleaning sand and 
debris from newly constructed lines gave rise to the trial of 
pneumatic rubber beach balls for this purpose. The use of beach 
balls was the outgrowth of the usual trial and error methods of 
using pull through devices, sluicing, use of fire hose and the like. 

What is termed a beach ball in this narrative is the ordinary 
type of commercial pneumatic rubber ball commonly used at play 
grounds, at beach resorts and otherwise. The rubber is thin 
and the ball can be blown up to varying degrees of inflation at 
will. As furnished commercially, the balls have no covering 
and consist simply of elastic rubber. These balls are manufac- 
tured in sizes (diameters) of 6 to 30 inch diameter when fully 
inflated. 


Procedure 

For use in cleaning sewers the ball is first inflated and then 
wrapped in a covering of canvas or burlap, the edges of which 
are sewed together. A trail-line a little longer than the dis- 
tance between manholes is then attached securely to the cov- 
ering. The size of the ball and its covering should be such as 
to fit fairly snugly into the sewer leaving the downstream side 
of the manhole. 

Immediately the ball is kicked into the pipe, sewage com- 
mences to back up in the manhole and continues to increase 
in depth until such time as its pressure is great enough to force 
water under the ball. (See sketch.) The ball then commences 
to move downstream through the pipe. Acting as a compressi- 
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ble floating plug it affords enough obstruction so that a contin- 
uous high velocity jet spurts under and to some extent around 
the balls, thereby sluicing all movable material ahead to the next 
manhole, 

Should the ball encounter an obstruction which is immovable 
(for instance a joint fin or the like), it merely indents to the 
necessary degree and moves forward. About the only fixed 
obstruction which will stop the forward progress of the ball 
is a root mass or some similar obstruction tightly wedged into 
the pipe. Brick, stones, bottles, loose metal parts, broken pieces 
ot pipe, sand, gravel and settled sludge are easily moved ahead. 

If the ball stops momentarily, a pull on the trail-line is usually 
sufficient to set it again in motion and if the pipe is quite dirty 
the trail-line can be snubbed to a step in the upper manhole 
and the ball’s progress retarded to the required degree as the 
lower manhole is approached, thus giving time for complete re- 
moval of accumulated debris which the sewage has piled up 
ahead of the ball. 

Much time may be saved by conserving the sewage pressure- 
head as the ball floats into the lower manhole. Just as the ball 
comes into view at the lower manhole, the snubbed trail-line is 
cast off and as the ball floats into the lower manhole with the 
gush of sewage, it is immediately kicked into the lower (out- 
let) pipe. The trail-line is picked up by fishing for it and the 
work proceeds as before. 

In ordinarily dirty lines three men are employed as a.crew 
and have cleaned in excess of four miles of sewer pipe in an 
eight hour working day. 

The canvas covering serves two purposes: it permits ready 
attachment of the trail-line and also affords a measure of pro- 
tection against puncture by razor blades, glass and sharp metal 
particles in the sewage sediment. The operation and maintenance 
crew carry along inner tube vulcanizing patches and small holes 
in balls are readily repaired on the job without much loss of time. 


A Real Test 


As a measure of the utility of this method of cleaning, one 
outstanding example will be noted. A 24-inch diameter rein- 
forced concrete pipe inverted siphon carries the sewage of one 
main under the Los Angeles River flood control channel. The 
siphon is about 800 feet in length. A ball, with trail-line at- 
tached, was inserted in the upstream end of the pipe; and, al- 
though, it took thirty-six hours to work its way through, there 
appeared ahead of it about a truck load of sand, gravel, bricks 
and boulders as well as a half-dozen flash boards which had 
dropped into the sewer at the upstream gate. The ball was 
put through again immediately and appeared at the outlets in 
less than an hour. 





Sketch Showing Action of Beach Ball During Sewer Cleaning 


*Asst. Chief Engr., Los Angeles County Sanitation District, Los 
Angeles. 
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ACTIVATED SLUDGE THICKENING® 





By D. TRAVAINI 


Superintendent, Sewage Treatment Works, Phoenix, Aris. 


Phoenix, Arizona, has an activated sludge plant with Dorrco 
aerators, and utilizes separate digestion of mixed crude sludge 
solids and the wasted activated sludge. C. C. Kennedy, Con- 
sulting Engineer, who designed the plant, provided a sludge 
thickener for the purpose of concentrating activated sludge. 

The sludge thickener, as constructed, is a circular tank 35 ft. 
in diameter with an effective depth of 9 ft. at the periphery of 
the tank with 1 ft. of free board above the water level. The 
thickening mechanism was supplied by the Dorr Company and 
consists of a picket fence made of 2-in. pipe on 6-in. centers ex- 
tending 5 ft. above the bottom of the tank floor. This is attached 
to the bracing supporting the bottom scrapers. A skimming arm 
is also provided. See Fig. 1. 

The tank is centrally located and arranged so that waste 
activated sludge, mixed liquor, plant effluent, primary sludge, or 
digester overflow liquor can be admitted through pipe inlets at 
one side of the tank, approximately 18 ins. below the water level. 


*Excerpts from an article appearing in WATER WORKS AND SEW- 
April 


ERAGE, 1934. 





Fig. 


1—Thickener Mechanism Showing Picket Fence Bottom 
Scrapers and the Sacramento Type Inlet Baffle 





























SACRAMENTO BAFFLE 


SCALE, Ye" f'O" 






Fig. 3—Detail of Sacramento Baffle and Plan of Thickener, Showing Location of Baffle and Points of Chlorine Application 
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Fig. 2—-Sacramento Baffle and One of the Three Chlorine Hose 
Inlets 


A 24-in. redwood baffle 13 ft. long was provided in front of the 
pipe inlets. 

The original baffle at the inlet was not satisfactory. Short 
circuiting was so pronounced that it prevented effective utiliza- 
tion of the tank capacity. After considerable investigation, a 
Sacramento baffle was installed in May, 1933, and ended the short 
circuiting troubles. We attribute the successful use of the thick- 
ener to this baffle and the installation of a Wallace and Tiernan 
chlorinator made at the same time, the value of which will be 
discussed later. Before these improvements were made we were 
prone to look upon the thickener as a liability rather than an 
asset. 

The Sacramento type baffle was developed under the direction 
of Professor Charles Gilman Hyde more than ten years ago. The 
structure built at Phoenix consists of a redwood baffle 24 ins. 
from the wall at the water surface, tapering to 9 ins. at the wall 
36 ins. above the intersection of the vertical wall and sloping 
bottom. This baffle is perforated with 4-in. square openings on 
18-in. centers, both ways. Nine inches in front of these openings 
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TABLE 1—-RETURNED SLUDGE AND MIXED-LIQUOR (SLUDGE) THICKENING DATA. 
SENT 24-HR. COMPOSITE SAMPLING.) 





(RESULTS REPRE- 
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Nore:- Resul7s from 24 hr composites 
TABLE 2—SLUDGE CONCENTRATION DATA 


are suspended wooden baffle boards 10 ins. wide. See Figs. 2 
and 3. 


Operation of Thickener 


Since the plant was first placed in service on March 15, 1932, 
the thickener operation has been diversified. We have used this 
structure to concentrate primary sludge, wasted activated sludge, 
combined primary sludge and wasted activated sludge, waste 
mixed liquor, combined primary sludge and waste mixed iiquor, 
and digester overflow. The results obtained varied considerably 
and with some of the operations odor nuisance became a serious 
problem. The use of the thickener was, for the time being, 
abandoned. 


On June 2, 1932, activated sludge had built to a point where 
wasting could proceed, and the thickener was again placed in 
service. We were unable, however, to hold the sludge in the 
thickener sufficiently long to obtain the degree of concentration 
anticipated when the tank was designed. When we attempted to 
hold it to increase the solid content to the point anticipated, the 
sludge would rise and odors became pronounced. 


Attempts to Control Septicity 
and Short Circuiting 


In the early part of October, 1932, we arranged to return plant 
effluent to the thickener, hoping that the dissolved oxygen in 
the effluent would retard septic action and thus eliminate odors 
and allow a longer sludge holding period. This procedure ag- 
gravated the short circuiting in the tank and caused the solids 
in the effluent to increase materially. 

The short circuiting in the tHickener made it apparent that 
the original baffle was not efficient and resulted in the installa- 
tion of the Sacramento baffle. We also installed a Wallace and 
Tiernan solution feed chlorinator in order to use liquid chlorine 
to retard septic action. With the chlorinator we anticipated ace 
curate control of chlorine applied to the thickener, which was not 
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possible under the crude conditions in which we had been using 
lime and chloride of lime earlier. 

We devoted our spare time to experiment, to determine the 
efficiency of the baffle and to find at which points to chlorinate 
the sludge input in order to obtain the best distribution of 
chlorine. The results obtained from the baffle were very grati- 
fying. By the trial and error method we selected three points of 
application of chlorine that gave the best distribution. The 
chlorine hoses are submerged 3 ft. below the liquid level in the 
tank. One point of application is 13 ft. along the periphery of 
the tank from the west end of the baffle. The other two points 
are 9 ft. and 18 ft., respectively, along the periphery of the tank 
from the east end of the baffle-—See Figs. 2 and 3. 

By varying the quantity of chlorine solution applied at the 
points mentioned even distribution of chlorine was maintained 
in the surface liquor, where desired, rather than in the sludge 
proper. 

With this preliminary work completed, during the early sum- 
mer we tried concentrating primary sludge in combination with 
mixed liquor taken from the aeration tanks; then primary sludge 
with returned activated sludge, and then returned activated 
sludge alone. Very good results were obtained in each instance, 
but the trials with mixed-liquor seemed the best. 


The Scheme That Gave the Best Overall Results 


In August, 1933, we decided to try concentrating mixed liquor 
only, a method suggested by R. F. Goudey.’ 

Our object was, that in summer the primary clarifier influent 
is stale and we felt that by adding to the crude sewage a size- 
able flow of effluent from the thickener, containing dissolved 
oxygen and some residual chlorine, it would improve plant op- 
erating conditions. The amount of thickener effluent would 
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naturally be much greater when concentrating sludge from 
mixed liquor than when concentrating returned activated sludge 
and therefore the greater benefit to the crude sewage. 

The results obtained by thickening mixed liquor taken from 
the aeration tanks were so satisfactory that we soon adopted 
it as routine operation. The primary sludge is concentrated to 
approximately 5 per cent in the primary clarifier and is mixed 
with the thickener sludge by pumping sludges from both tanks 
simultaneously to the digesters. 

In Table No. 1 analytical data of thickener operations are 
given for mixed liquor and also when “returned” activated 
sludge from the clarifier was treated. Table 2 shows the solids 
content of the sludge at various depths. As a result the jn- 
stallation of the Sacramento baffle and chlorination, we can 
maintain a clear overflow with the sludge blanket within 3 
ft. of the liquid level, when wasting 200 gpm. or less of mixed 
liquor or returned sludge through the thickener. The costly 
chlorination is considered very nominal considering its adyan- 
tages. 


Conclusions 


Since we installed the Sacramento baffle and eliminated short 
circuiting, and since we started to chlorinate the top liquor to 
retard bacterial action and thereby control septicity, the thick- 
ener has operated satisfactorily and accomplishes the purpose 
for which it was designed, viz.: reducing the volume of sludge 
and hence the volume of supernatant liquor which is so dis- 
astrous to the activated sludge process. Likewise the need for 
greater digester capacity. 

1*A New Method of Concentrating Activated Sludge,” R. F. 


Goudey and S. M. Bennett. WATERWORKS AND SEWERAGE, May, 
1933. 





The Influence of Dissolved Oxygen on Corrosion Losses 


Engineers and chemists are constantly studying the theories 
and mechanics of corrosion because it is only through better 
understanding of fundamentals that they will be able to di- 
minish losses due to corrosion. 

Thirty years ago, R. W. Whitney, now vice-president of the 
general Electric Company, announced that the corrosion of metals 
was an electrochemical process and this view is now generally 
accepted. When a metal is in contact with even slightly acidic 
solutions, corrosion takes place by the chemical process of the 
metal replacing the hydrogen in the acid. The acid dissolves the 
metal and thereby hydrogen is released. The same holds for 
corrosive waters. 

Released hydrogen coats the metal surface with an electri- 
cally charged layer that prevents the chemical reaction from con- 
tinuing at the initial rate. If the hydrogen layer is built up 
to a sufficient thickness the reaction is practically stopped. How- 
ever, under natural conditions, the hydrogen combines with 
the oxygen of the air or that dissolved in the water to form 
water and solution of the metal goes on. The amount of oxygen 
available to remove the protective hydrogen blanket determines 
the extent of corrosion. 

Impure metals are corroded more quickly as a rule than pure 





metals. Electrochemists believe that this is due to the impuri- 
ties taking up the oxygen. Contrary to the popular belief, how- 
ever, pure metals are subject to corrosion under the action of 
certain acid solutions. Prof. O. P. Watts of the University 
of Wisconsin has recently shown that if oxygen is absolutely 
excluded copper will not corrode in a solution of sulfuric acid, 
a reaction that is very rapid in the open. 

The importance of the dissolved oxygen content of corrosive 
water is thereby once more emphasized. When this element is 
present in high concentration a higher pH value must be main- 
tained to prevent corrosion of mains than otherwise; and, par- 
ticularly of household services or piping subjected to increased 
temperatures which create accelerated attack. 

This suggests that there is some question as to the merits of 
aeration of waters which are normally aggressive, unless the 
pH value is raised sufficiently by alkali addition to reduce the 
hydrogen ion concentration considerably; below that which is 
commonly considered to represent a neutral water. It has in 
fact been demonstrated that ofttimes waters high in oxygen con- 
tent and low in hardness must be raised to pH 9.5 in order to 
check even the cold water corrosion of mains. In some aerated 
waters a pH value of 10 to 10.5 is required, which is costly and 
questionable practice with public supplies. 












AMERICAN CENTRIFUGAL CORPORATION 
PA Pe ss eae rebiaec Machines 


PRODUCTS: Certrifugal Equipment for Sludge Dewatering 













We offer the solution of your Sewage Sludge Dewatering problem— 
Done the modern and efficient way, namely, by centrifugal machines. 


12-O"MIN HEAD ROOM—— 
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This machine was specifically developed for t he sanitary field. It offers these possibilities: 


. It will dewater undigested or digested sludge. 

No chemicals required. 

. Will produce low moisture cake. 

Will incinerate without additional fuel. 

Will discharge sludge in shredded form. 

Shredded material discharged vertically on to a conveyor belt. 
Automatic in operation. No skilled labor required. 

. Requires minimum space. 

. Ruggedly built, requires minimum servicing. 


POIANA WN 


Upon request, we will be glad to furnish additional information and co-operate in preparing arrangement 
layouts of our machine for your specific needs. 
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DIVISION OF AMERICAN RADIATOR & STANDARD SANITARY CORPORATION. 

















40 WEST 40@ STREET: NEW YORK, N.Y. 


manufacturers of IDEDL GOs BOILERS for modern 


Sewage Disposal Plants 


@ Ideal Gas Boilers are specially de- 
signed for use with sewage gas. Their 
burners have also been correctly designed 
and specially adapted for this purpose. The 
sections are carefully ground to provide gas- 
tight metal to metal joints. In addition to this 
the entire assembly is completely insulated 
and jacketed. 

A decided improvement has been made 
recently by eliminating cumbersome control 
equipment and centering the entire gas con- 


trol in a single valve. All controls are admir- 





ably suited for digestion tank require- 


ments. 


Gas flow may be throttled at 


“ any temperature and pressure to any pre- 


determined minimum. Thermostatic pilot, 


vitreous enamel draft diverter, gas pressure 


governor, low water cut-off on steam boilers, 


and limit control are standard equipment. 
Hot water boilers up to 252,000 B.T.U. out- 


put rating are shipped with sections com- 


pletely assembled. 


Ideal Gas Boilers come in 41 sizes, from 


the smallest to the world’s largest. 












































IDEAL GAS BOILER CAPACITY WITH SEWAGE DISPOSAL GAS 
l ie 
BOILER NO. OUTPUT PER HOUR INPUT PER HR.]| BOILER SPACE 
Cu. Ft, Floor Space 
B.T.U | $a. Ft) Sa Fel p.T.u. | 700 | Over- 
Steam Water per bwowt A ar er B.T.U] all hyiatn SERS 
Hour Rating Rating | rail “tee Hght. Front ept 
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ne) © 1-GA-5 42 ,000 280 52,500 75 364% 114%125% 
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2-GA-4 63,000 420 78,750 113 41% 119%] 22 3 
ss eeda 2-GA-5 84,000 560 105,000 150 | 41% | 1934] 253 
-GA-6 105,000 700 131,200 188 414% | 19%] 28 3 
anebiee ke 2-GA-7 126 ,00 —— 840 157,500 225 | 41% | 19%] 313 
come tan 4-GA-9 168 ,000 1120 210,000 300 | 41% | 28 38 
amas 4-GA-11 210,000 1400 262,500 375 41% | 28 44 
nai ane 4-GA-13 252,000] ..... 1680 315,000 450 | 4114 | 28 50 
TE eee 64,800 270 81,200 116 | 52 23 4 | 28 
0-GS-5 | ...... 86,400 360 108,000 154 53 23% | 31 
SE © éc0cc-c0s 108 ,000 450 135,000 193 53 23% | 34 
ee 129,600 Ge f céose 162,000 232 | 53 23 4 | 37 
1-GS-4 1-Gw-4 146 ,000 610 980 182,509 261 50 35* 33 % 
1-GS-5 1-GW-5 186 ,000 775 1240 232 ,500 332 52% 39* 33% 
1-GS-6 1-Gw-6 225,000 940 1500 281,500 402 53% | 43* 33% 
1-GS-7 1-GW-7 265,000 1105 1770 331,000 473 | 53% | 47* 33 % 
1-GS-8 1-Gw-8 5 ,000 1270 2030 1,000 545 | 54% | 51* 33% 
1-G8-9 1-Gw-9 345 ,000 1435 2300 431,000 616 | 57 % | 55* 33% 
1-GS8-10 | 1-GW-10 384,000 1600 2560 480 ,000 686 584 | 59* 33% 
1-G8S-11 | 1-GW-11 424,000 1765 2820 530,090 757 | 58% | 63* 33 % 
4-GS-6 4-GW-6 ,000 2000 3200 600 ,000 857 | 69 53 52 
4-GS8-7 4-GW-7 576 ,000 2400 3840 722 ,000 1030 | 69% | 58 52 
4-GS-8 4-GWw-8 672 ,000 2800 4480 840,000 | 1200 71% | 62 52 
4-GS-9 4-GWw-9 768 ,000 3200 5120 000 | 1372 72% | 66 52 
4-GS-10 | 4-Gw-10 864,000 3600 5760 1,079 ,000 1543 75 70 52 
4-GS-11 | 4-GW-11 ,000 4900 6400 | 000 | 1715 | 75% | 74 52 
4-GS-13 | 4-GW-13 | 1,152,000 4800 7680 1,440,000 | 2060 | 69 % | 85 64 
4-GS-15 | 4-GW-15 | 1,344,000 5600 8960 1,680,000 | 2400 | 71% |. 93 64 
4-GS-17 | 4-GW-17 | 1,536,000 6400 | 10240 1,920,000 | 2740 |} 72 % [103 64 
4-GS-19 | 4-GW-19 | 1,728,000 7200 | 11520 2,162,000 | 3090 5 107 64 
4-GS-21 | 4-GW-21 | 1,920,000 8000 | 12800 | 2,400,000 | 3425 | 75% [110 64 
4-GS-22 | 4-GW-22 | 2,016,000 | 8400 | 13440 | 2,520,000 | 3600 | 71% 136 64 
4-GS-25 | 4-GW-25 | 2,304,000 9600 | 15360 | 2,380,000 | 4120 | 72% /148 64 
4-GS-28 | 4-GW-28 | 2,592,000 | 10800 | 17280 3,240,000 | 4625 | 75 160 64 
4-GS-31 | 4-GW-31 | 2,880,000 | 12000 | 19200 | 3,600,000 | 5145 75% 172 64 
4-GS-33 | 4-GW-33 [| 3,072.000 | 12800 | 20480 | 3,840,000 | 5480 | 72 3% [186 64 
4-GS-37 | 4-GW-37 | 3,456,000 | 14400 | 23040 4,320,000 | 6165 75 202 64 
4-GS441 4-GWw-4l 3,340,000 | 16000 | 25600 4, ’ 6850 | 75% 218 64 Type 4-G 




















*1-GS shown. The 1-GW ts 4” shorter. 








THE CARBORUNDUM COMPANY 


NIAGARA FALLS, N. Y. 


ALOXITE BRAND 


Diffuser Plates and Tubes 











FOR SEWAGE TREATMENT 


Activated Sludge Aeration. 
Sedimentation Pre-Aeration. 
Grit Washing and Grease Removal. 


Mixing of Chemicals with sewage or sludge. 


Flocculation of Chemicals. 
Sedimentation Post-Aeration. 
Trickling Filter Pre-Aeration. 
Sludge Elutriation. 


Applications 


FOR WATER TREATMENT 


Straight Aeration—FE, CO,, H,S, Etc. Removal. 


Mixing of Chemicals. 


Flocculation of Chemicals. 


Diffusion of CO,—Recarbonation. 


Diffusion of gaseous Chlorine. 





Specifications 





Material— 


Fused Crystalline Alumina Grain bonded 
with a ceramic bond at high temperatures. 


Properties— 


Aloxite Brand Diffusers have (1) low 
pressure loss, (2) perfect uniformity, (3) 
small bubble diffusion, (4) high strength, 
(5) long life (chemically inert), (6) 
accurate dimensions and shape. 





Sizes— 
Standard plates are 12”x12”x1” 
or 12”x6”"x1”. 


Standard tubes are 45/16”O0D x 
3”ID x24” long and 1%4”0Dx 
%” 1D x28” long, open ends. 


Special sizes and shapes can be 
made upon order. 


Write for recommendations of permeability for any application listed above. 


Grades— 


Plates can be made in permeability ratings 
up to 100. 


Tubes can be made in permeability ratings 
up to 50. 


Required tolerance is + 10% of specified 
mean rating. 



















PRODUCTS: 


FILTRATION EQUIPMENT CORPORATION 


Sales Office: 10 East 40th Street, New York, N. Y. 





THE AUTOMATIC MAGNETITE FILTER — CONKEY ROTARY VACUUM FILTER 





THE AUTOMATIC 
MAGNETITE FILTER 





The first and most important 
step in any process of sewage 
disposal is the removal of sus- 
pended solids. 


The magnetite filter accom- 
plishes this effectively and at 
reasonable cost, by straining 
out light solids and minute im- 
purities which cannot be re- 
moved or settled out by sedi- 
mentation. 


The filter usually placed on 
top of a sedimentation tank 
(Fig. 1) consists of a bed of 
magnetite iron ore, screened to the size of fairly 
coarse sand. The ore bed is about three inches thick 
and is supported on a fine mesh of bronze wire. 


The sewage, after the heavier solids have been allowed 
to settle out, passes through the screen and the ore in 
an upward or downward direction. The fine solids in 
the sewage are caught between the particles of ore, thus 
to a degree cleaning up the sewage. 

Eventually the ore bed becomes partly choked and 
it is necessary to rinse or wash the ore. This is accom- 
plished by a cleaner which passes slowly over the ore, 
the cleaner consisting of a bottomless box or caisson 
which holds a small centrifugal pump and a solenoid 
or electro-magnet. 


As the cleaner passes slowly over the filter bed, the 
solenoid is alternately magnetized and demagnetized, so 
that a narrow strip of ore layer is alternately jerked off 
the wire screen and allowed to fall back. 


At the same time the small centrifugal pump causes 
the sewage from beneath the wire screen to rush through 
the moving ore. This effectively cleans the portion of 
ore covered by the box, and when the cleaner has com- 
pleted a circuit, the whole bed is cleaned. The wash 
water containing the impurities from the ore is caught 
up by the pump and passed back for retreatment or 
other disposal. 


As the result of three years of operation of the munic- 
ipal sewage treatment plant in Dear- 
born and one year’s operation at Perth 
Amboy, the Automatic Magnetite Fil- 
ter has brought to the art of sewage 
treatment the following improvements. 


1. In Plain Sedimentation the filter 
reduces the usual retention period by 
about a quarter and the effluent is im- 
proved by 35-40%. This brings the total 
removal of suspended solids up to 70- 
75% as compared with usual removal 
of 50-55% attained by 2 hours of plain 
sedimentation. The use of the Magne- 
tite Filter results in a saving of 35-40% 
of Chlorine. 





Magnetite filter 


eel 


2. Chemical Process: [Ip 
the case of chemical pre. 
cipitation the use of Auto- 
matic Magnetite Filters 
saves about 50% of the 
chemicals. 


3. In Activated Sludge 
Plants the magnetite filter 
polishes or improves the ef- 
fluent by removing the fine 
floc when plant is running 
perfectly. It also acts as a 
positive, automatic safeguard 
to strain the effluent in case of 
bulking floc or other tempo- 
rary disturbance of the ac- 
tivated sludge: process. It reduces the aeration 
period and the area required in final settling tanks, 
thus increasing the capacity of existing activated 
sludge plants—at the relatively small cost of adding 
filters to existing structures. 


4.In Trickling Filter Plants it increases the 
capacity of the filters by removing fine solids cheaply, 
with or without chemicals, before the sprinkling filter 
operation. Installed after the trickling filters it pro- 
tects the effluent and acts as a safeguard when the filters 
slough off. 


in operation. 


THE CONKEY ROTARY VACUUM FILTER 
For dewatering of raw settled, chemically coagu- 
lated and activated sludges. 
Built for acid or alkaline conditions. 


At Perth Amboy, producing a cake of 8-Ib. dry 
solids per sq. ft. per hour with 1.5% ferric chloride 
and 8% lime. Moisture content, 65%. 


9 additional magnetite filters and 18 additional Conkey 
filters now under construction, 


The services of this company in preparing designs 
and estimates of our equipment are fully available te 
those engaged in designing sewage treatment plants. 
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THE JEFFREY MANUFACTURING COMPANY 


SANITARY ENGINEERING DIVISION 


996-99 North Fourth Street, Columbus, Ohio 
SALES OFFICES 


New York Philadelphia Chicago St. Louis Birmingham 
Boston Pittsburgh Cleveland Milwaukee Salt Lake City 
Buffalo Scranton Cincinnati Denver Detroit 


Huntington, W. Va. 


Terre Haute, Ind. 


JEFFREY MFG. CO., LTD., OF CANADA. Head Office and Works: Montreal 
Branch Offices: Toronto - Calgary - Vancouver - London 


PRODUCTS: Bar Screens, Sludge Collectors, Scum 
Collectors, Grit Washers, Constant Weigh Feeders, Dried 
Sludge Grinders, Screenings Grinders, Green Garbage 
Grinders, Elevators, Conveyors, Chains, Sprockets and 


Bearings. 


Many problems peculiar to localities have been solved by 
Jeffrey Engineers specializing in water purification and sew- 
age treatment. The list of Jeffrey equipped plants is grow- 
ing... proving conclusively that modern mechanical handling 
of sewage is rapidly finding its place. W hatever your prob- 
lems... our department devoted to water purification and 
sewage disposal is ready to work with you. 


JEFFREY CONVEYOR TYPE 
SLUDGE COLLECTORS 


For primary or secondary settling, either in sewage dis- 
posal plants or water works. Simple design guarantees eff- 
cient and trouble-free sedimentation. Wood scrapers attached 
at intervals to two strands of high tensile, abrasive resisting 
chain. High carrying capacity allows intermittent opera- 
tion . . . once or twice a day is sufficient. Thicker sludge, 
and clearer effluent results. Operation also serves to skim 

.. floating sub- 
stances to effluent 
end of primary 
sewage settling 
tanks. In water 
works may be 
used in free 
sedimentation 
basin, or in basin 
for subsequent 
treatment of 
chemically coag- 
ulated water. 


te: i 





Sludge Collectors installed for the City of 
Lancaster, Pa. 


JEFFREY SELF-CLEANING BAR SCREEN 


A mechanical unit of simple construction, with protective 
features against jamming, etc. Has no submerged sprockets 
or shafts. Special hinged rake 
design, with teeth that pene- 
trate all the way through 
spaces of screen, assures thor- 
ough cleaning. Teeth of rake 
engage the bars at point in 
advance of debris accumula- 
tion. Rake is wiped clean after 
discharging its load. 


JEFFREY COMBINED 
SCREEN and GRINDER 


Collects, reduces to pulp and 
returns screenings to sewage 
in one direct operation. After this 
treatment pulp will readily pass 
through pumps and settle out in 
primary settling tanks. Units can 
be installed for continuous or in- 
termittent operation. For intermit- 
tent gperation an automatic elec- 
trical time device controls cycles and 
coordination of screening, water- 
spray flushing and grinding. 





A Jeffrey Screen and Grinder 
combination recently installed is 
illustrated in the two accompanying 
pictures. 


JEFFREY (Patented) 
GREEN GARBAGE GRINDER 


Grinds garbage to pulp for intro- 
duction to existing sewage system. 
Inexpensive to install, this system is 
much more economical and satisfac- 
tory than other methods. Applica- 
tion of flushing water makes proc- 
ess odorless. Large cities may in- 
stall number of units at strategic 
points to eliminate long hauls. Re- 
quires no skilled labor. By break- 
ing down solids in preliminary treat- 


ment, grinder will increase over-all 





efficiency and lower operating cost 


of incineration plant. 


JEFFREY-TRAYLOR CONSTANT 
WEIGH FEEDER 


Ideal for continuous weighed feeding of hydrated lime, 
alum, and soda ash. Consists of an electric vibrating feeder 
instantly and accurately controlled electrically through coun- 
terpoised weighing belt to any desired rate of discharge. 
Has no regulating 
gates. Unit of 
3,000 Ibs. per hour 
maximum capacity 
can be adjusted 
down to feed 2 
Ibs. per hour... 
within 1% or less 


of absolute ac- 





curacy. 


JEFFREY COMBINED 
GRIT WASHER and COLLECTOR 


One conveyor in one channel both washes and collects 
grit, eliminating one operation. Uniform flow assured by 
continuous grit removal during periods of deposition. Availa- 
ble in two types, scraper type for ordinary purposes and V- 
bucket type where elevation to considerable height is desired. 


The Jeffrey Grit Washer consists of two strands of heavy 
heat treated malleable chain to which are attached at in- 
tervals of approximately 4 feet, plow shaped flights. Spaced 
alternately between a pair of plow flights is a straight scraper, 
or in the case of V-bucket type, a V-shaped bucket. 

Water Purification and Sewage Treatment Plant Equipment 
by Jeffrey is completely covered in Catalog No. 615-E. Send 
for your copy. 
















MUNICIPAL SANITARY SERVICE CORP. 





155 East 44th Street, New York City 


ENGINEERS AND CONSTRUCTORS OF “MUNICIPAL” EQUIPMENT 
FOR SEWAGE TREATMENT PLANTS 
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DECARIE PETRO-MET 
MULTI-THERMO-ZONE FURNACE 





RIENSCH-W URL DISC SCREENS 
AUTOMATIC BAR SCREENS 


COMBINATION BAR AND FINE SCREENS 


AEROFLOCCULATORS 


MECHANICAL AERATORS 


VACUUM SEWAGE FILTERS 





Positive and Economica] 
drying, or complete and odor- 
less Destruction of Sewage 
Sludge and Screenings, effect- 
ed by means of Decarie Petro- 
Met Incinerator—adapting 
greatly improved principles of 
Multiple Hearth Type Fur- 
nace operation. Flexible in 
control of air, gases and heat, 
thereby permitting of positive 
results. Its performance re- 
sults in an absolute minimum 
in operating costs. Con- 
struction simplified. Furnace 
divided into separate drying 
and burning zones with all 
gases passing through a high 
temperature zone. We will be 
glad to furnish further data, 
and discuss your particular 


requirements. 


VACUUM SLUDGE FILTERS 
MECHANICALLY CLEANED SAND FILTERS 
PNEUMATIC SCREENINGS EJECTORS 
SLUDGE AUTOCINERATORS 
SCREENINGS INCINERATORS 


DECANTERS 














i 


|= 


st) 





WALLACE & TIERNAN CO., INC. 


Manufacturers of Chlorine and Ammonia Control Apparatus 
Dry Chemical Feed Devices, Ete. 


NEWARK, NEW JERSEY 


“The Only Safe Water 


Boston Chicago Detroit 
Bridgeport Cleveland Indianapolis 
Buffalo Columbus Jacksonville 
Charlotte Dallas Kansas City 
Chattanooga Denver Knoxville 


WALLACE & TIERNAN, Ltd., Toronto, Canada 
WALLACE & TIERNAN, Ltd., Winnipeg, Canada 


Is a Sterilized Water” 


Lexington Omaha Seattle 

Los Angeles Philadelphia St. Louis 

Madison Pittsburgh Syracuse 
Minneapolis Roanoke Washington, D. C. 


Oklahoma City 


WALLACE & TIERNAN, Ltd., Montreal, Canada 
WALLACE & TIERNAN, Ltd., London, England 


San Francisco 





CHLORINATION OF SEWAGE 


Of all chemicals used in sewage treatment, chlorine has by far 
the widest application. From simple disinfection to use as an 
adjunct to the most involved treatment process, chlorination has 
for many years been the versatile and valued aid of the man 
concerned with sewage disposal. 

Chlorination is employed to stabilize raw sewage, control odors 
along trunk sewers or at treatment plants, protect masonry struc- 
tures from disintegration, increase efficiency of filter beds and 
prevent filter ponding, improve sedimentation and removal of 
settleable solids, improve sludge digestion, prevent bulking in acti- 
vated sludge plants, reduce biochemical oxygen demand and retard 
putrefaction in the receiving water course, disinfect effluents be- 
fore discharge and as a necessary adjunct to nearly any process 
of chemical precipitation. 


DISINFECTION 

Regardless of what the preliminary processes of sewage treat- 

ane ommoe ment may be, disinfection of the 
effluent before discharge has come 
to be regarded as a_ necessity. 
Protection of water supplies, of 
bathing places and of shellfish 
propagation beds all require effi- 
cient disinfection. That chlorina- 
tion offers the one practical and 
effective means of sewage disin- 
fection today is universally ac- 
knowledged by sanitarians and 
public health authorities. 


ODOR CONTROL 


Control of obnoxious odors 
from sewage treatment works, 
long outfall sewers and other dis- 
posal plant appurtenances is dis- 
tinctly a field for chlorination. 
Neutralization of hydrogen sul- 
phide (the gas responsible for 
these obnoxious odors) or pre- 
vention of its formation by con- 
trolled application of chlorine, is 
not only practical but also satis- 
factory in results and economy of 
operation. 


B. O. D. REDUCTION 


In order to prevent production 
of odor nuisance, foul appearance 








Master Visible Vacuum Chlori- 

nator —~ W&T Visible Vacuum 

Control is now available in equip- 

ments ranging in capacity from 

03 to 2000 pounds of chlorine 
per 24 hours. 





Installation of four Visible Vacuum Chlorinators at 
the New Haven, Conn., Sewage Disposal Plant. 


and death to fish life in streams receiving the effluents from 
sewage disposal plants, chlorination for B. O. D. reduction has 
become increasingly popular. Offering, as it does, a simple, easily 
controlled and relatively inexpensive means of supplementing other 
purifiication processes during periods of low stream flow or for 
permanent use at a plant where the dilution factor is low, chlori- 
nation has, in many cases, eliminated the necessity for extensive 
additions. to the regular treatment works. 


IRON SALTS IN SEWAGE TREATMENT 


Lowered cost of chemicals and other contributing factors have 
greatly increased the popularity of iron salts for various uses in 
sewage treatment, odor control, sludge conditioning, chemical 
precipitation, etc. 

In whatever form this treatment may be adopted, such as the 
manufacture of ferric chloride at plant site, the addition of ferric 
chloride or of ferric sulphate directly, or the use of chlorinated 
copperas, W&T are prepared to furnish the necessary equipment. 
Complete details on request. 

W&T field representatives will gladly confer with you about 
any specific problem relating to the application of chlorine or iron 
salts in sewage treatment. Technical publications and literature 
are available on request. 
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SERVICISED PRODUCTS CORPORATION 


Telephone Grove Hill 0423 





MANUFACTURERS AND ENGINEERS 
6051 West 65th Street (Clearing Station), Chicago, III. 


Factories: Chicago, Ill., Syracuse, N. Y., Wilmington, Del. 


PRODUCTS— 


Premoulded Sewer Pipe Belt 

Quick Drying (Q.D.) Asphalt Primer 
Asphalt Compounds (for Hot Poured Joints) 
Bitupak Calking Material 

Tufflex Plastic Cement 

Sewer Liners. Asphalt Planking 






Distributors and Dealers in 
Principal Trading Centers 


PRODUCTS— 


Tunnel Liners. Bridge Paving 

Water Proofing Protection Course 
Highway Crossing Rail Filler 

Expansion Joints 

Rubber Tile Flooring. Copper Coated Roofing 


Sed 
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SERVICISED PREMOULDED SEWER PIPE JOINT 


An Improved Material for Making Better, Tighter, More Flexible 
and More Economical Sewer Joint 





Fig. 1. A Section of Servicised Sewer Pipe Belt. 


What It Is: 


Servicised Premoulded Sewer Pipe Belt is com- 
posed of a uniform mixture of selected fibrous matter 
with refined bitumens of special character, and 
formed into wedge shaped strips for easy handling 
and to facilitate calking. 


These wedge shaped strips are made in various di- 
mensions of cross-section and in various lengths to 
take care of the usual sizes of sewer pipe, and in 
each case to properly fill the annular space between 
the bell and spigot at the joints. The wedge shaped 
cross section not only conforms to the shape of the 
bell, but gives a wedging action as the belt is driven 
into place. 


This wedging action, together with the flexible 
quality of the material insures tightness of the joint, 
as the belt accommodates itself to small irregulari- 
ties or variations in the pipe, and yet are within the 
limits of allowance in standard sewer pipe specifica- 
tions. 


Servicised Premoulded Sewer Belt is manufac- 
tured to fit sewer pipe from 4” to 36” in diameter, 
and made according to dimensional standards set up 
by the American Society for Testing Materials and 
the American Society of Municipal Improvement. 


Why Fibrated Asphalt for Sewer Joints? 


For many years in different forms and under dif- 
ferent methods of application, asphalt has been 
recognized as the best material for making sewer 
joints. 


Servicised bituminous 
joints, when they are made 
to fill the annular space, and 
put in with any degree of 
skill, are waterproof, root- 
proof, acid-proof and flex- 
ible. These are highly de- 
sirable qualities and are not 
possessed completely by any 
other material. 


On account of the brittle 
nature of sewer pipes, flexi- 
bility is an especially desir- 
able quality in a sewer jointing and asphalt com- 
pounds possess this feature. Each year thousands 
of dollars are spent by municipalities for making 
repairs to sewers, and the cause in most cases leads 
back to imperfect joints. 





Fig. 2. A Sewer Pipe Belt in Place. 


Chief among the reasons why sewers cease to 
function and require repair are, (1) broken places in 
the line through trench settlement or ground move- 
ment; (2) stoppage of the sewer by foreign matter 
such as soil or root growths. The first of these con- 
ditions is aggravated by unyielding, stiff joints; the 
second by breaks in the pipe and by imperfect or 
incomplete joints which occur frequently when at- 
tempts are made to use cement mortar or hot asphalt 
in wet trenches. 

The use of fibrated bituminous jointing material 
remedies this condition very largely. Therefore, the 
invention of a moulded bituminous belt which could 
be handled by the usual labor, and which would make 
tight and complete joints under any and all weather 
conditions. 

Any modern sewer system which includes a sew- 
age disposal plant or where sewage has to be pumped 
or handled through processes, requires tight sewer 
joints to make the operations efficient. Open joints 
or breaks in the sewer lines will permit the entrance 
of ground water, increasing the work to be done, and 
its cost and reducing the efficiency of the disposal 
station. 

Servicised Fibrated Bituminous Joints are always 
flexible and light. 
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SERVICISED PRODUCTS CORPORATION 





SERVICISED PREMOULDED SEWER PIPE BELT 





Fig. 3. Servicised Sewer Pipe Belt Is Quickly Calked. 


The Advantages of Servicised Premoulded 
Sewer Belt: 


1. Tight Joints: The space-between spigot aad 
bell is completely filled with water-tight material co- 
hering closely to the sewer pipe and always remain- 
ing flexible. 

2. Flexible Joints: Joints which accommodate 
themselves to ordinary trench settlement or ground 
movements, the joint remaining tight and preventing 
any strain on the pipe at the bell. 


3. Root-Proof: The moulded, fibrated asphalt belt 
entirely filling the joint, prevents roots from entering 
and stopping the pipe. 

4. Resistent to Acids: The jointing is not affected 
by ordinary acids or by sewer liquors. 

5. Easily Installed and usable even under the 
worst weather or trench conditions. Material cannot 
wash away as it is impervious to water. 

6. Economical: There is no waste of material as 
the belt is moulded to size and cut the right length 
for the pipe. 


7. Ease of Inspection: An inspector can see from 
the top of the trench that the joint is properly made. 


8. Labor Saving: Premoulded Sewer Belt is fool- 
proof. The design is such that it can only be set in 
its proper position. No excavation need be made 
under the bell of the pipe as the jointing material is 
placed prior to entering the spigot. The use of this 
jointing material centers the pipe automatically. 


These advantages operate to increase the speed of 
making joints and therefore materially reduce the cost 
of labor. 


With a little experience the contractor will find 
that this saving in labor will at least offset the differ- 
ence in cost between this and’ the cheapest other 
material, but with the result that a much better and 
more creditable job is produced: 


Installation of Premoilded Sewer Belt: 


For convenience in handling, belts for sewer pipe 
more than 8 inches in diameter are made in sections 
as shown in table. 


In the illustration, Fig. 2, 
the lower arrow points to a 
section of premoulded belt 
packing placed in the bottom 
of the bell. The spigot of 
the next section of pipe is 
next inserted in the bell and 
allowed to rest on this lower 
section of belt. It is then 
worked to proper line and 
grade in the trench, and 
then the upper section or 
sections of belt are inserted 
in the spaces indicated by Fig. 4. Inserting Belt Prior to 
the upper arrow, and calked —— 
tight. As this operation compresses the lower sec- 
tion of belt packing, there is no necessity for calking 
at the bottom or for excavating under the bell. 





Servicised Belts for the smaller sizes of sewer pipe 
are made in one piece and are installed in essentially 
the same manner, the center of the belt being placed 
in the bottom of the bell with the ends protruding 
at the top. After the spigot of the next pipe section 
has been inserted and the pipe worked to line and 
grade, the ends are folded over, driven into place and 
calked. 


It should be noted that pipe sections are placed at 
line and grade before joints are calked, and that 
there can be no disturbance of the joints in bringing 
pipe to line as is the case where the pipe sections are 
forced into place. There is also no trouble with bell 
breakage. 


It is important that belt packing be warm when 
installed and not cold and stiff. In the warm summer 
months it should not be necessary to heat the belts, 
but in cold weather belts should be heated to 85° or 
90° Fahr. to make them flexible and readily worked. 
This is easily done by dipping in a hot water bath. 
The nature of the material is such that heat is re- 
tained for a considerable period. 


When desired, alternate joints can be made up on 
the bank before lowering into the trench. In this 
case the entire joint is tightly calked so as to allow 
ready handling of the two pipe sections with a simple 
supporting device. 


Installation in Wet Trenches: 


Servicised Premoulded Belt Packing can be used un- 
der very adverse conditions, such as in wet trenches and 
even under water. When working in wet trenches the 
bell and spigot of each joint should be painted with 
Servicised Quick Drying Asphalt Primer when pipe is 
clean and dry, and before lowering into trench. This 
ensures a perfect bond between the joint material with 
the pipe glaze. 









































SERVICISED PRODUCTS CORPORATION 








1. Composition 


The sewer pipe joint material shall be Servicised 
Premoulded Sewer Pipe Belt, consisting of a pure 
petroleum asphalt into which has been incorporated 
a fibrous filler in sufficient quantity to prevent flow 
in warm weather and brittleness in cold weather. 
The material shall have a consistency which will per- 
mit its being calked into place with a suitable calking 
tool, or if desired, which will permit placing by means 
of pressure applied to the entering pipe section. 


The cross-section of the filler shall be wedge 
shaped to facilitate installation and to aid in obtain- 
ing a tight joint. The belts may be furnished in 
sections, and the combined length of the sections 
shall equal the average circumference of the annular 
space between the bell and the spigot, according to 
A.S.T. M. specifications. 


PREMOULDED CALKED SEWER JOINTS SPECIFICATIONS 


2. Installation 

The premoulded filler may be placed by the follow- 
ing methods: 

In dry trenches or under ordinary conditions, the 
bottom portion of the filler shall be placed in the 
bottom of bell of the pipe which will bring the syb- 
sequently placed spigot slightly above the flow line 
of the pipe. The remainder of the filler shall then 
be entered into the bell and calked until tight. 


Wet Trench Installation 

When joints are placed in a wet trench the bel] 
and the spigot surfaces coming into contact with the 
premoulded filler shall first be painted with Seryj- 
cised Quick Drying Asphalt Primer before lowering 
into the trench. 

The temperature of the joint filler shall not be be- 
low 75° F. at the time of calking or placing. 


PRICE LIST SERVICISED PREMOULDED SEWER PIPE BELT 














ae List Prices and Weight per 100 Joints, F.O.B. Factory, Chicago 

Inside Sections Length Thickness Shipping List 
Diameter to Joint per Section Width (wedge shape) Weight Price* 

if 4” 1 17” 134” 3/16” to %” 41 lbs. $ 4.45 
6” 1 24354” 21%” 3/16” to 1%” 78 Ibs. 8.50 

| 8” 1 3234” 24%” Y%"to 4” 128 Ibs. 14.05 
10” 2 1934” 24” 5/16” to 7%” 214 Ibs. 23.50 
vg 2 2314” 2y,” 5/16” to 7%” 251 Ibs. 27.55 
\ 15” 2 283%” 24” 5/16” to 7%” 312 Ibs. 34.35 
18” 3 227%” ie ¥%” to 7%” 515 Ibs. 56.50 

‘ a" 3 267%” Bey Y"tol ” 747 Ibs. 82.15 
24” a 3034” ‘ oe "tol ” 846 Ibs. 93.00 

27” 3 3414” 334” 9/16” to 114” 1330 Ibs. 146.30 

30” a 331%” 3%” 9/16” to 14” 1600 Ibs. 175.50 

sh 4 31%” 44,” 11/16” to 135%” 2220 Ibs. 244.50 

36” 4 3374” 414” 11/16” to 134” 2420 Ibs. 266.00 





























Sizes listed above are for standard A.S.T.M. and A.S.M.I. pipe dimensions. 


When ordering, advise outside dimensions of spigot, 


depth of bell, and inside diameter at top and bottom of bell; also name the manufacturer of pipe. 


*All prices subject to discount. 


Q. D. ASPHALT PRIMER 


For Laying Sewer Pipe Under Adverse Conditions 


Good joints can always be made by the use of 
Servicised Quick Drying Asphalt Primer in conjunc- 
tion with Servicised Premoulded Belts. 

A bituminous material of brushing consistency 
which on exposure to the atmosphere sets up into a 
tough asphaltic mass similar to the belt. It contains 
light solvents which aids in obtaining good adhesion 
at the start and evaporates to leave a stiff mastic 
mass forming a water-tight seal. 

In wet trenches, the Primer when placed on the 
dry bell and spigot of the pipe before the latter is 
lowered into the trench, repels the water and when 
the premoulded belt is calked in, forms an immediate 
bond between the surface of the pipe and the belt. 

Its use does not interfere with the placing opera- 


SEWER, TUNNEL AND EMBANKMENT LINER | 
For Thoroughly Waterproofing Concrete Sewers, 


Bulkheads and Tunnels. 


Fabricated with grooves so that when placed in the form and the mix 
poured the slabs become thoroughly keyed to the concrete when it sets. 
Fire cracks in the structure will not rupture the waterproofing. 
pervious to the action of brine, corrosive fumes and gases as well as most 
Easily handled, light, unbreakable, and can be laid by any ordinary 
labor under any sort of condition. As liners for Concrete Sewer Pipe they 
protect the cement and reinforcing steel from deterioration forming a 
tough, acid and alkali proof as well as resilient inner layer. 


acids. 


Let us quote them to you. 


tions, since it can be applied on top of the trench and 
the small cost for additional labor is a very small 
price to pay for tight joints. Prices on application. 


SPECIAL INFORMATION ON PREMOULDED 
SEWER PIPE BELT 


Servicised Sewer Pipe Belt is warranted to make 
satisfactory sewer joints when used according to 
directions, with pipe which conforms to dimensional 
standards published by the American Society for 
Testing Materials and approved by the American 
Society for Municipal Improvement. 

No responsibility is assumed by the manufacturer 
for the failure of Servicised Premoulded Sewer Pipe 
Belt to fit sewer pipe not conforming to those stand- 
ard dimensions, with their limits of allowance for 
unavoidable variations in manufacture; nor where 
pipe with irregular contour is used, or culls. 


Retaining Walls, 


Im- 
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SERVICISED PRODUCTS CORPORATION 








BITUPACK 


Calking Material in Place of Jute for 
Hot Poured Joints 





Bitupack—A rectangular stranded asphalt-filre 
composition in which the fibre is completely satu- 
rated and coated with a high grade petroleum- 
asphalt. It has a higher degree of efficiency; lower 
in cost and is easier to handle than jute or any similar 
packing. 


The object of any packing used in connection with 
hot poured compound is to center the pipe and pre- 
vent leakage of the liquid compound into the pipe. 
Bitupack has sufficient body to 
hold the pipe rigidly centered 
and is also plastic enough to 
fill all irregularities and thus 
effectively seal the joint. When 
the hot compound comes into 
contact with Bitupack both 
surfaces flux immediately, and 
the two materials become in- 
separable when cool. Since 
Bitupack contains a_ softer 
asphalt than the compound, the 
heat from the latter will also 











Calking Bitupack. 


cause a slight fusion at the surface in contact with 
the pipe, resulting in a perfectly sealed joint. 


The sealing, waterproofing and. lasting quality 
strongly recommends it for use on Sewer Pipe, Side- 
walks, Bridges, Viaducts, etc. Standard Strands are 
3e”x34"” and %”x1” in thickness—other. sizes fur- 
nished on request. 


TUFFLEX 


The New Ready-to-Use Bituminous Plastic 
for Sewer Joints 


Plastic cold trowelling 
compound composed of 
asphalt and inert fibrous 
materials. It has a high de- 
gree of adhesion and is 
easily trowelled into the 
bell of the sewer pipe. 
Tufflex is premixed at the 
factory and furnished on the 
job ready for use. Various 

ats Applying Tufflex Plastic to Ledge 
competitive brands are on of Bell. 


the market which are furnished the contractors in 
units to be mixed on the job. The fact that Tufflex 
is a premixed product assures the engineers of ob- 
taining a proper uniform consistency. Remains flex- 
ible indefinitely—is workable in almost any weather 
—an ideal patching and repair material for concrete 
as well as sewer pipe. 





HOT POURING SEWER PIPE COMPOUND 


Asphalt compounds for pouring sewer pipe joints 
must be of a special nature in order that they will 
satisfactorily meet the conditions encountered in 
service. The properties which make bituminous 
joints superior to cement mortar, namely, weather 
resistance, flexibility, prevention of root growth and 
water-tightness, must all be incorporated if a 100% 
joint is to result. The filler incorporated in the 
asphalt should be extremely fine so that the composi- 
tion remains uniform and no appreciable settling 
takes place. It is added for the purpose of raising 
the softening point and the specific gravity of the 
asphalt, thereby increasing flexibility and the re- 


sistance to erosion and penetration. We produce 
two grades of hot pouring compounds known as 
“Standard Grade” and Type “A.” 


Standard Grade.—A composition of asphalt and 
inert materials consisting of approximately 45 to 
55% pure petroleum asphalt and fine mineral filler 
having a melting point of not less than 200° F. 


Type “A” Compound.—This product is practically 
identical with the standard grade except for the fact 
that it is especially prepared to meet specifications 
when certain well-known brands are specified. The 
Type “A” Compound, we are prepared to furnish con- 
tractors and distributors to meet any specification. 


WEIGHTS AND QUANTITIES OF SEWER PIPE JOINT MATERIALS 
Estimated per 100 Joints of Vitrified Tile Sewer Pipe, A.S.T.M. Dimensions 























Inside Diam. | Shipping Weight Gallons Weight of Compound [Weight of Compound| Weight of Weight of 
of Pipe Sewer Pipe Belt | Q. D. Primer Using Jute Using Bitupack Bitupack Tufflex 
4” 41 Ibs. yy 47 lbs. 47 Ibs. 18 Ibs. 50 Ibs. 
6” 78 lbs. H 70 Ibs. 105 Ibs. 27 Ibs. 100 Ibs. 
8” 128 Ibs. 1% 116 lbs. 203 Ibs. 44 Ibs. 150 lbs. 
10” 214 Ibs. 1y% 140 Ibs. 279 Ibs. 53 lbs. 225 Ibs. 
12° 251 Ibs. 1% 169 Ibs. 337 Ibs. 62 Ibs. 300 Ibs. 
bs 312 Ibs. 2% 313 Ibs. 418 lbs. 80 Ibs. 425 lbs. 
18” 515 Ibs. 3 371 Ibs. 621 Ibs. 93 Ibs. 525 Ibs. 
21” 747 Ibs. 3% 516 lbs. 860 Ibs. 132 Ibs. 675 lbs. 
24” 846 Ibs. 4 592 Ibs. 986 Ibs. 150 Ibs. 825 lbs. 
y+ ig 1330 Ibs. 5% 777 Ibs. 1555 Ibs. 194 Ibs. 1110 Ibs. 
30” 1600 Ibs. 5% 985 Ibs. 1975 Ibs. . 251 Ibs. 1425 Ibs. 
33” 2220 Ibs. 7% 1068 Ibs. 2490 Ibs. 269 Ibs. 1700 Ibs. 
36” 2420 Ibs. 1462 Ibs. 3410 Ibs. 370 Ibs. 2200 Ibs. 
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GRUENDLER CRUSHER & PULVERIZER Co, 


Dept. S, 2915 N. Market Street, St. Louis, Mo. 






Shredders for Disposal of Sewerage, Sludge, Screenings and Garbage 

















Type of Garbage Shredder installed by City of Atlanta, Ca. 


Gruendler Shredders handle sludge and 
screenings so that 100% will pass bar 
screen and eliminate trouble at Ball 
valve and through system, requiring 
little or no attention. 


Gruendler Garbage Shredders in any 
capacity for handling rubbish and gar- 
bage for incinerators or to be used as 
fuel in power plant and for disposal 
through sewerage system. 


Fifty years manufacturing well-known 
Swing Hammer principle to meet any 
capacity—small or large. 





NOVO ENGINE COMPANY 


260 Porter St., Lansing, Mich. 

















Figure 1759——Novo Single Vertical Sludge Pump. Power 3-HP. 
Geared Head Motor. Note: Large handhole plates, over valves and 

adjustable eccentric to change stroke length. 
Full floating, circular disc valves. When valve opens, it completely unseats 
throughout its entire area, giving maximum clearance. Flushing Plug—0On 
both discharge and suction. Capacity—Per stroke, 1 to 1.4 gallons, depend- 
ent on stroke length. Per minute, 47 to 66 gallons. Strokes per minute, 47. 


HORIZONTAL ROLLER RING SLUDGE PUMP 


Single cylinder, double acting, motor or 
engine driven, V-belt drive. 





Size—5” suction and discharge. Stroke—i”. Plunger—10” in diameter, with 
%” diameter roller rings. Power Unit—3-5 HP., 3 phase, 60 cycle, 220, 440 
or 550 volt, 1800 R.P.M. motor or 4-5 HP., 1200 R.P.M., single cylinder engine. 
Valves—Large valve area, 21.6 sq. in., allows free and easy passage without 
agitation. Capacity—92 to 145 G.P.M. at 30 to 50 R.P.M. Displacement per 
Stroke—3.08 gallons. 


Send for complete descriptive bulletins and prices on 
these pumps. 


Size—4” : 2 
diameter, cast iron, grooved for two 4” diameter roller rings. Power Unit—Geared 
Head Electric Motor, 3 HP., 3 phase, 60 cycle, 220, 440 and 550 volt. Valves— 


NOVO SLUDGE PUMPS 
Roller Ring Principle 


Novo Sludge Pumps operate on the exclusive roller ring principle. The seal is main- 
tained by two acid and oil resisting rolling rubber rings on the plunger. They are 
pressed against the cylinder wall and the side of the piston, making an absolutely 
liquid-tight seal. This does away with plunger packing, diaphragms, etc. 


Vertical, Single Cylinder, Single Acting Pump. Roller Ring 


Sludge Pump 


suction, and discharge. Stroke—Variable, 3” to 4”. Plunger—10” in 

















Figure 1729—Novo Horizontal Double Acting Sludge Pump. Note: Large 
handhole plates at end of pump cylinder..V-belt drive for quiet opera- 
tion. Flushing plug at top of pump. Drain plug at the bottom. 

















WATER WORKS AND SEWERAGE DATA 








Calculating Areas, Volumes, Surfaces 


Mensuration is arithmetic applied to geometry in determining 
the length of lines, the area of surfaces, and the volume of solids 


or bodies. : ae 

Definitions of geometrical terms, figures and principles. <A 
point (.) has position only. A line (— ) has length only. 
Area has length and breadth. A solid has length, breadth and 
thickness. Parallel means extended in the same direction, and 
equidistant at all points. Horizontal means parallel with water 
level: vertical or perpendicular, parallel with plumb line; diag- 
onal, obliquely across a polygon. (Fig. 4.) Fquilateral means, 
having equal sides. Quadrilateral, having four sides. An angle 
(Fig. 1) is formed by two straight lines diverging from a com- 
mont point called the vertex. A right angle (Fig. 2) is formed 
by two straight lines meeting perpendicularly. An oblique angle 
is either (acute—Fig. 1) smaller, or (obtuse—Fig. 3) greater 
than a right angle. 
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nf? | mee 
= o°.-" 
%, ot — 
, > 
Fig. 1. Fig. 2. Fig. 3. Fig. 4. Rectangle. Paralle} Lines. 


A plane or plane figure has area or surface only—perfectly 
even. 

A polygon is a plane figure having three or more equal sides. 

A triangle is a plane figure bounded by three straight lines. 

An equilateral triangle (Fig. 6) has all of its (3) sides equal. 
An isosceles triangle (Fig. 7) has two of its sides equal. A 
scalene triangle (Fig. 5) has none of its sides equal. The base 
is the side on which a geometrical figure is supposed to stand. 
The least distance between the base and the opposite angle dotted 
line (Fig. 7) or between parallel lines (Fig. 8) is called the 
perpendicular or altitude. 

To find the area of a triangle. Rule—Multiply base by the 
altitude and take half of the product. Or, when the three sides 
are given. From 
half of the sum of 
the three sides, 
subtract each side 
separately; then 
multiply the half 
sum and the three 
remainders to- 
gether and extract the square root. Find sq. ft. in a triangle, 
base 8 ft., altitude 9 ft. 

Answer—(8 X 9) + 2= 36. 

A parallelogram is a plane figure, bounded by four straight 
lines, whose opposite sides are equal, as a rectangle, a square, and 
a rhomboid. ‘ 

A rectangle is a right angled parallelogram. A square is an 
equilateral rectangle. A rhomboid is an oblique angled paral- 
lelogram. 

To find the area of a parallelogram. Rule—Multiply the length 
by the width. 
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Fig. 5. Fig. 6. Fig. 7. 


























Fig. 8. Rbomboid. 


Trapezium. 


Trapezoid, 


How many sq. ft. in a rectangle 17 by 24? 

Answer—17 X 24= 408 sq. ft. 

In a (square) floor 10 by 10? 

Answer—10 X 10=100 sq. ft. 

Note—Dividing the area of a rectangle by one side gives the 
other side—if unknown. 


A trapezoid is a quadrilateral having two of its sides parallel. 
To find its area. Rule—Multiply its average length by the width. 


*Reproduced from 
& Sons, Chicago, Il 


“Rapp’s Calculator,” published by C. Rapp 





MENSURATION’ 





How many sq. yd. in a garden whose parallel sides are 60 and 
80 yd., and width 52 yd.? 


Answer—(60 + 80 + 2)=70; then, 70 X 52 = 3,640 sq. yd. 
A trapezium is a quadrilateral having none of its sides parallel. 


To find its area. Rule—Form two triang!es by a diagonal line, 
then multiply diagonal by sum of perpendiculars and take half 
of product. 

Find sq. rods in field shaped like a trapezium, whose diagonal 
is 90 rods, and perpendiculars (25 and 40) 65 rd. 


Answer—90 X 65 = 5850 + 2=2925 rd. 


_ A rightangled triangle has one right angle. Its longest side 
is called hypotenuse, and the other two, base and perpendicular 





or altitude. To find its area. Rule— 
Multiply the base by the perpendicular wt 
and take half of the product. ry 
How many square rods in a triangular Poy 5 8 5 
field whose base is 70 rods and the per- 4 2 
pendicular, 48 rods? . 
Answer — (70 X 48) + 2 = 1680 square Fig. 9. Base, 


rods. 

Properties of the rightangled triangle. 
The square of the hypotenuse equals the 
sum of the squares of the base and the per- 
pendicular. From this. principle — illus- 
trated by Fig. 10—we derive the following 2 
rules. 

To find the hypotenuse. Rule—Add the 
square of the base and the square of the 16 
perpendicular, and of the sum _ extract 
square root. 


















































Fig: 10. 


A and B start from the same point, A going 4{ 47= 16 
miles due west and B, 3 miles due north; how; ?= 9 
far apart are they then? V25=5 


Answer—5 miles. 

The square of 4 (base)=16; of 3 (perpendicular)=9; the 
square root of their sum (25)=5, the hypotenuse. 

To find the base or perpendicular. Rule—From the square of 
the hypotenuse, subtract the square of the other given side, and 
of their difference extract the square root. 

Find the perpendicular of a tringular field { 75°= 5625 

whose hipotenuse is 75 rods, base 60 = 60? = 3600 

Answer—45 rods. Vv 202545 


Note—To find the difference between the squares of two num- 
bers, simply multiply their sum by their difference. 

To find the side of a square equal in area to any given quan- 
tity. Rule—Extract the square root of the given quantity. 

Thus, the dimensions of a square field containing 4000 square 
rods must be ( V4000=63.246) 63% rods, nearly. Proof: 
6314? = 4000 + 

To find the diagonal of a square. Rule—Multiply one side of 
the square by 10, diminish the product by 1% of itself and divide 
remainder by 7. 





What is the diagonal of a field 35 rods [ 35X 10= 350, 
square? 1% of 350= = 3.5 
This is a simple way of finding the hypote- a 
nuse of a triangle whose base and perpen- 7)346.5 


“lL Ans. (rd.) 49.5 

A circle is a plane figure bounded by a curved line, (1, 1, 1, 1) 
called circumference, every point of which is equally distant from 
the center. The diameter is a straight line (2, 2) across a circle, 
through its center. The radius is a straight line (3) from the 
center to the circumference. An arc is any x 
part of the circumference (5, 5). A chord, i 
a straight line (4) joining ends of an arc. 
A tangent (6) touches circum. without cut- 
ting it. A segment is space (C) enclosed by 
are and chord. A sector, space (B) enclosed 
by two radii and arc. A quadrant (A) is 
90° or the fourth part of circle. A circle is 
divided into 360°; from X to Y is 45°; from 2 
X to Z, 90°. A sextant is one-sixth of a 
circle. 

To find the circumference of a circle, the 


diculars are equal. 





Elements of the Circle. 
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WATER WORKS AND SEWERAGE DATA 





diameter being given. Rule—Multiply the diameter by 3 1/7; 
for greater accuracy, by 3.1416. 

Find circumference of bicycle wheel; diam. 28 in. 

Answer—28 X 3 1/7 = 88 in. 

To find the diameter of a circle, the circumference being given. 
Rule—Divide the circumference by 31/7, or multiply it by .3183. 

Circumference of a tree 144% in., find diam. 

Answer—144.5 X 3183 = 46 in. 

To find the area of a circle. Rule—Multiply the square of the 
diameter by .7854; or the square of the radius by 3.1416; or 
the square of the circumference by .07958. 

Find the area of a piston 20 in. in diam. 

Answer—20’ X .7854 = 314.16 sq. in. 

Over how many sq. ft. can a cow graze, staked to a rope 50 
ft. long? Here, 50 feet is the radius. 

Answer—50’ X 3.1416 = 7854 sq. ft. 

To find the radius of a circle, the area being given. Rule— 
Multiply the area by .3183 and extract the square root of the 
product. 

Find length of halter, tied to stake, that will enable horse to 
graze on 1 acre. 

Answer—Square feet in acre, 43560 X .3183 = 13865; 
V 13865 =117% ft. long. 

Note—The circumference of a circle is 3.1416 times greater 
than the diameter. The number 3.1416 (called Pi) ; its reciprocal, 
3183 ; its 4th part .7854, its 6th part .5236, and others, should be 
committed to memory as they are indispensable factors in com- 
puting the areas and volumes of circular figures and bodies. 

To find the area of a sector of a circle. Rule—Take such a 
part of the circle as the degrees in the given arc, are part of 
360. Thus, a sector whose arc is 40°, contains 40/360 or 1/9 of 
the area of the circle. 

To find the side of the greatest square that can be inscribed 
in a given circle. Rule—Multiply the diameter of 
the circle by .707; or the circumference by .225. 

The diameter of a log is 24 inches; how large a sill 
can be cut from it? 

24 X .707 = 17 in. square, nearly. 














To inscribe the greatest equilateral triangle. Rule— 
Multiply the diameter of the circle by .886. 


Side of greatest inscribed hexagon equals the radius of a circle. 


To find the diameter of a circle that will inscribe a given 
square. Rule—Multiply the side of the desired square by 1.414. 

What must be diam. of a log to cut a sill 12 in. sq.? 

Answer—12X 1.414=17 in. 

To find the area between the two concentric circles. 
Rule—Take the difference between the area of each 
circle. A simpler way is to multiply the sum of the 
two diameters by their difference, and the product by 
7854. 

Find the area included between two concentric 
circles whose diameters are 30 and 50 inches. (80, sum; 20, dif.) 

Answer—20 X 80 = 1600 X .7854 = 1256.64 sq. in. 


To find the diameter of a circle whose area is equal to the 
area of a given square. Rule—Multiply one side of the given 
square by 1.1284. 

To find the side of a square whose area is equal to the area 
of a given circle. Rule—Multiply the diameter of the given circ'e 
by .8862. 

To find the diameter of three greatest equal circles 
that can be inscribed in a given circle. Rule—Multiply 
the diameter of the given circle by .464. 

Find the diameters of the three greatest circles that 
can be inscribed in a circle 50 in. in diam. 

Answer—50X .464 = 23.2 in. 

An ellipse is a plane figure bounded by an oval curved 
line and has a long and a short diameter or axis. 

To find its circumference. Rule—Multiply the 
sum of the two diameters by 3.1416, and take half 
of the product. 

Find the circumference of an eclipse whose 
diameters are .41 and 29 ft. 

(41+ 29)=70 X 3.1416 + 2=110 ft. nearly. 

To find the area of an eclipse. Rule—Multiply the product 
of the two diameters by .7854. 

How many square ft. are there in an elliptical platform whose 
diameters are 60 and 40 ft.? 

60 X 40= 2400 X .7854= 1885 sq. ft. nearly. 


Ellipse. 





areas of both ends. To find its volume. Multiply the 
area of one end by length. 


ence and 40 inches long. 








“d 


Square. 











Triangle. Pentagon. Hexagon. Octagon. 

To find the area of polygons, having equal sides and equal 
angles. Rule—Multiply the square of one of the equal sides— 
of a triangle, by .433; of a pentagon, by 1.7205; of hexagon, by 
2.5981; of octagon, by 4.8284. 

One side of an equilateral triangle is 30 
inches, and of an octagon, 10 in. 

Find sq. in. in each. 

30° X 433 = 389.7 in. T; 10° X 4.824= 


482 84 in. O. Trigonometric Functiops, 


{ P M, sine. 

For the benefit of those who intend to] O M, cosine. 
study trigonometry and surveying, this | A T, tangent. 
illustration is inserted here. It will be an} B S, cotangent. 
advantage and saving of time to be already | O T, secant. 
familiar with the terms and the functions | O S, cosecant. 
of the science when beginning its study.| M A, versed sine. 

| BN, conversed sine. 


i 





Cubes, Cones, Pyramids, Spheres, 


A cube is a solid body, having six equal square sides. 
To find its area. Rule—Multiply area of one side by 
6. To find its volume. Multiply the length, the 
breadth and the thickness together. 

Find sq. in. in surface of a 12 in. cube. 

Answer—12’ X 6 = 864. 

How many cubic in. in a cubic foot? 

Answer—*12’ = 1728. 

Find cu. ft. in a cu. mile. 

Answer—5280° = 147197952000. 

A parallelopiped is a solid body whose six 
faces are all rectangles. To find its area. 
Ru!e—Add areas of its six sides. To find its 
volume. Same as the cube. How many cubic 
feet in a wagon bed 10% feet long, 3 ft. wide 
and 1% ft. deep? 


Answer—10% X 3 X 114 = 3934, 


A prism is a solid having three or more rectangular sides, whose 
ends or bases are parallel planc figures. To find its area. Rule— 
Add areas of the sizes and ends. To find its volume. 
Multiply the arca of one end by the length. 

Find the 2rea of a triangular prism, each of whose 
three sidzs are 10 by 25 inches. 

Answers—836.6 sq. in. 

10° X .433 X 2866 sq. in area of the two ends. 

10 X 25 X 3==750 sq. in. area of sides. 86.0+ 
750 = 836.6. 

How many cubic inches in above prism, 10 by 25 
inches ? 

Answer—10? X .433 == 43.3 X 25=1082% cu. in. 


A globe or sphere is a solid body, bounded by a uniformly 
curved surface. To find its area. Rule—Multiply the square 
of diameter by 3.1416; or the square of the circum- 
ference by .3183. To find its volume. Multiply the 
cube of diameter by .5236. 

How many square in. in the surface ; and how many 
cubic in. in the volume of a globe 12 in. in diameter? 

Answer—904.78 cu. in. 12? X 3.1416 = 452.39 sq. in. 
12° X 5236 = 904.78 cu. in. —- 

How many cubic miles in the earth, its diameter being nearly 
8000 miles? 


Answer—2000° X .5236 = 268083200000 cubic mi. 


A cylinder is a round body of uniform diameter whose ends 
are parallel plane figures. To find its area. Rule—Multiply the 
circumference by the length and to the product add the 





i 


19 


HW 


Parallelopiped. 











Find the area of a cylinder 30 inches in circumfer- 


Answer—1343.24 sq. in. 

30 X 401200 sq. in. in convex surface. 

30? X .07958 X 2== 143.24 sq. in. in the two ends. 
Find cubic in. in a cylinder, diameter, 20 in., length Cylindete 





50 in. 


Answer—20? X .7854 X 50 = 15708 cu. in. 
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A cone is a solid, which has a circular base and tapers uni- 
formly to a point called vertex. 


A pyramid is a solid, resembling a cone, hav- 
ing three or more triangular sides. 


To find the area of a cone or pyramid. Rule— 
Multiply the circumference or perimeter of the 
base by the s!ant height, and to half of the 
product, add the area of the base. 





Find the area or surface of a cone whose cir- 
cumference at base is 40 in., and slant height 


50 in. 


Cone, 





Answer—1127.33 sq. in. 


50X 40 + 2= 1000 sq. in. in convex surface. 
40? X .07958 = 127.33 in. base. 


To find the volume of a cone or pyramid. Rule—Multiply the 
area of the base by the height and take % of the product. 


How many cubic feet in a 6 sided pyramid, 10 ft. high, whose 
perimeter, at base is 15 ft. or each side 2% ft.? 

Answer—54.13 cu. ft. 

214? X 2.598 = 16.24, area of base. 10 X 16.24 + 3= 54.13. 

Find cu. in. in a cone whose height is 12% in, and diameter of 
base 10 in. 

Answer—10° X .7854 = 78.54 area of base. 7854 X 1244+3= 
32.25 cu. in. 


The frustum of a cone or pyramid is the part which remains 
after cutting off the top, parallel to the plane of the base. To find 
the area of a frustum. Ru'e—Multiply the 
sum of circumferences, or perimeters, by the 


slant height, and to half of the product, 
add the area of each base. 
Find the area of a frustum of a cone, 
whose slant height is 40 in., its greater cir- 
Frustums. 


cumference, 30 in., and its smaller one, 10 in. 
Answer—879.58 sq. in. 
3+ 10 X 40+ 2 = 800, 


area of bases. 


30° + 10° X .07958 = 79.58, 


sides. 


To find the volume of any frustum. Rule—Square both ends 
of one side, if angular, or the diameters of both ends or bases, 
if round. To the two squares add the product of the given ends 
or diameters; 4% of this sum will be the area of the average 
base of the frustum of a square pyramid, which multiplied by 
7694 equals area of average base of frustum of a cone; multi- 
plied by .433, of a three sided frustum, by 1.7205, of a five sided 
fr., by 2.5981, of a six sided frustum, by 4.8284, of an eight 
sided frustum. For volume: mu!‘tiply average area by perpen- 
dicu'ar height. 












Find the vol- { 
ume or capac- 
ity of a round 





12°=144 § 183X.7854—143.73 sq. ft. area 
15°=225 ) of av. base of Fr. of cone. 




































tank whose di- | 12* 15 =180 

ameter is 2} — 

ft. at base, 12 3)549(183, area of av. base of F. of sq. 
ft. at top, and | Pp 


yr. 
10 ft. deep. | 143.73 X 10=1437.3 cu. ft.X7.48=10751 gallons. 
Ans.—14.37 cu. 
ft. 

Find sq. ft. of lumber in a wagon tongue; large end, 4% in. 
sq, small end, 2% in., length, 9 ft. (108 in.). 

Answer—4%4 + 2147+ (4% X 21%4)+ 3=127/12 sq. in., area 
of average base; 127/12 X 108= 1359 cu. in. + 144=97/16 sq. 
ft. 

How many cu. ft. in a straight log, whose diameter at large end 
is 3 ft., small end, 2 ft., length 12 ft? 

Answer—3? + 2? +(3 X 2)+3 X .7854= 4.974 sq. ft., area of 
average base; 4.974 X 12= 59.69 cu. ft. 

A spheroid or elongated globe has a fixed and a revolving axis. 
To find its area. Rule—Multiply the revolving axis 
by the fixed axis, and that product by 3.1416. To 
find its volume. Rule—Multiply the square of the 
revolving axis by the fixed axis and that product by 
.5236. Find area, also the volume of spheroid; re- 
volving axis, 20 in., fixed, 30 in. 

20 X 30 X 3.1416 = 1884.96 sq. in. in area 

20° X 30 X .5236 = 6283.2 cu. in. in volume. 

A cylindrical ring is formed by bending a cylinder. 
To find its area. Rule—Multiply sum of inside 
diam. and thickness of ring, by thickness, and the 
product by 9.87. To find its volume. Rule—Multiply 
sum of inside diam. and thickness, by square of 
thickness, and product by 2.467. 

Find the area, also the volume of a ring whose 
inner diameter is 15 inches, and whose thickness is 
5 inches. 

(15 + 5) X 5 X 9.87 = 987 sq. in. (15+5)x xX 
2.467 = 1233.5 cu. in vol. 

To find the dimensions of greatest cube that can be inscribed 
r*} given globe. Rule—Multiply the diameter of the globe by 
Be 

Find greatest cube inscribed in a 26 in. globe. 

Answer—26 X .577 =15 in. 

To find the dimensions of a cube, equivalent in volume to a 
given globe. Rule—Multiply the diameter of given globe by 8006. 

To find the diameter of a globe, equivalent in volume to a 
given cube. Rule—Multiply one side of the cube by 1.2407. 

The solid contents of the cone, globe, cylinder and 
the cube, all of equal dimensions, are in the ratio of 
1, 2, 3 and 3.82 respectively. Thus, taking 1 foot as 
the height and the diameter; the cone contains .2618; 
the globe .5236, and the cylinder .7854 of a cubic foot. 
The cube equals 1 cu. ft. 

The area of the greatest square inscribed in a given 
circle is exact!y % of the area of the least square circumscribed 
about the same circle—or the square of its diameter. 





Ring. 


in area. 
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NOMOGRAPHIC CHART REVEALS POWER COSTS IN CENTS 
PER THOUSAND GALLONS 


Contributed by: George B. Massey, Consulting Engr., Chicago, Ill. 























In using the above chart to obtain power costs in water pump- 
ing, one end of the straight edge is placed at the point on Scale 
E which represents the overall efficiency of the pump and the 
motor. The other end of the straight edge is placed at the point 
on Scale R which represents the electric rate in cents per KWH. 
With the straight edge in this position, make a small mark on 
the intersectional line at the point where the straight edge 
crosses this line. 


By revolving the straight edge about the point on the inter- 
section line so that one end of it coincides with the total dy- 
namic head in feet (Scale H) the other end will show on Scale 
C the power costs in cents per thousand gallons. 

As indicated on the intersection line, the Scales R and E are 
used for one position of the straight edge and Scales C & H 
for the other position. 


eel an, 














(Valve and Primer Corporation) 


AUTOMATIC PRIMER COMPANY 


113 West Washington Street, Chicago, III. 





APCO AUTOMATIC PRIMER 


Apco Primer is a simple tank and piping system, without moving parts or 
anything to get out of order. Its operation is entirely automatic and requires 
no attention. This is a desirable feature in sump pumping and in water supply 
systems for towns, estates, and industrial plants. It does not affect the character- 
istics of the pump to which it is connected. It will operate on suction lines of 
any length, against any head, and at any capacity, AND WITHOUT FOOT VALVES. 


Are used on suction lift, unsubmerged centrifugal pumps for water supply sys- 
tems, sewage disposal, sump pumping, trench and irrigation work, unloading tanks 
and tank cars. They are especially valuable on intermittent pumping service. 

Apco Primers are made for any desired capacity. Primers can be furnished 
made of special materials for handling acids and other corrosive liquids. Infor- 
mation on specific applications of Apco Primers will be furnished upon submittal 

turer Of data. Primers are furnished from stock. 
- Send for price list, sizes, capacities, etc. 

This company manufactures a Vacuum 
Priming System which can be used for 
any pumping condition. 






When air isiobe C= 
passed inand out 7 : 
vacuum ballisto YY 













the pump and suction lines. 


from 10 to 500 pounds. 


a grower 
Sectional View of Valve No. 55. if ever requiring attention. 





APCO AUTOMATIC AIR VENTING VALVES (Relief and Release) 


For the automatic release of air or gas from pipe lines, pumps and various types 
of tanks. On large pumping systems in which the several pump casings are con- 
nected to.a vacuum tank, the insertion of an Apco Air Relief Valve between each 

* pump and tank will prevent any liquid being taken over when air is evacuated from 


The Apco Air Venting Valves are scientifically constructed, simple and com- 
pact, operate continuously without attention and are moderate in price. Apco 
Valves are made in a variety of sizes and capacities so as to take care of pressures 


Compound leverage as developed in Apco No. 200 Series insures the utmost in 
_____.} positive automatic action. Here is rugged, lasting dependable construction, seldom 


These APCO Valves effectually solve the problem of all high duty require- 

Apco Valve No. 100 ments, that is, where it is necessary to work against pressure in excess of the 

gh large orifices. They are equally 
J j 


For Pressures up to 150 Ibs. ordinary and to provide for air release throu 


efficient where large venting capacity is required at lower pressures—and in such 
instances effect great economies in pumping and transmitting equipment. APCO 
No. 200 series are ideal on water pumping and distribution of all liquids, including 
gasoline and oil. 

Apco Valves are guaranteed to give continuous service without further atten- 
tion after being installed in a size and capacity suited to the conditions. Normally 
made of bronze or iron, depending upon the size and service, but for special con- 
ditions when specified. All valves can be furnished with vacuum balls. 


APCO STEAM BOILER FEED PUMP CONTROL 
AND FEED WATER REGULATOR 


A simple device for controlling the operation of a steam boiler feed pump—for 
single boilers. No stuffing boxes are used, consequently there is no drag on the 
valve movement, and no trouble from this source. 

Apco Steam Boiler Feed Pump Control operates with the change of water level 
in the boiler and controls pump speed to maintain 
boiler water line at the most efficient point. 

The Pump usually operates continuously at the 
slowest possible speed to maintain desired water level 
in boiler—insuring greatest efficiency and safety of 
operation. The compound lever principle employed 
in the controller is the most sensitive and efficient 


and at pressures up to 500 Ibs. per sq. in. 


to Heater. 


a 





heating of make-up water. 








usually repaid in fuel savings alone in a few months. 

















arses 3 tthat the upkeep is negligible. 





Pume Conn. 











movement known and makes for positive and effective action. 
Will control steam boiler feed pumps on boilers from 50 H.P. to 1000 H.P. maximum rating, 


to Heat 








to Heater. 
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The same general construction is used in our line of Feed Water Regulators. 


THE MOSINEE CONTINUOUS BOILER BLOW DOWN 


KEY TO ILLUSTRATION. 1. Connections to Boilers. 2. Regulating Float. 
Boiler Water to Heating System or Heater. 4. Discharge Valve 
6. Gauge indicating quantity of Blow Down from Boiler. 7, Thermometer indicating Temperature of Blow Down 
from Boiler. 8. Discharge to Sewer. 9. Make Up Watter Connection 


3. Connection for Steam flashed by 


5. Heat Exchange Coil. 


10. Hot Water Connection 


The Mosinee Boiler Blow Down is a direct outgrowth for the demand for more economic 
boiler operation. In controlling of boiler water impurities the object is to keep the concentra- 
tion sufficiently low with minimum blow down and a minimum heat loss. The Mosinee Boiler 
Blow Down accomplishes this purpose by continually blowing down a calculated quantity of 
water and utilizing the heat of this blow down by flashing a portion of it into steam and pre- 


SMALL INVESTMENT—The investment in a Mosinee Continuous Boiler Blow Down is 
MINIMUM UPKEEP COST—The Mosinee Continuous Boiler Blow Down is so constructed 
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Reproduced from Catalog No. 36—Taylor Forge and Pipe Works, Chicago, Ill. 
Original source—“Hydro-Electric Handbook”—John Wiley & Sons. 



























FULLER COMPANY 


CATASAUQUA, PA. 


Chicago: 1118 Marquette Bldg. 


320-321 Chancery Bldg. 


San Francisco: 





PRODUCTS: 
The Airveyor—for unloading and. conveying fine, 
ranular, and crushed materials. 
Fuller Rotary Air Compressors 
Pumps. 
Fuller-Kinyon and Fluxo Conveying Systems for 
conveying dry pulverized materials. 
Feeders, Weighing Batchers, Bin Signals, and Bin 
Gates for pulverized materials. 


THE AIRVEYOR 


The Airveyor is commonly used for unloading, ele- 
vating and conveying fine, granular, and crushed ma- 
terials from cars and ships, and for reclaiming from 
bulk storage and stock piles. Hundreds of these sys- 
tems are now in service, handling a wide variety of 
bulk materials. Their present uses range from simple 
unloading systems to those which have solved the 
problem of distributing materials throughout large 
industrial plants. They range in capacities and de- 
sign from small systems for unloading cars and 
trucks, at a few tons an hour, to the large systems 
which have cut the unloading time of ocean-going 
vessels. 

There are two types of Airveyors: the “Receiver” 
type, recommended for granular and crushed ma- 
terials carrying relatively little dust, such as grains, 
crushed coal, etc., and the “Filter” type, which han- 
dles dusty materials with absolute cleanliness. The 
Filter type is employed for materials such as soda 
ash, lime, and silica. Each type may be applied in 
a wide variety of arrangements to meet specific re- 
quirements. For example, a single Airveyor unit 
may unload cars and withdraw from storage by 


and Vacuum 


Economies and 
Operating Advantages 


The Airveyor offers tangible savings beyond the 
difference in price between bulk and bag shipments. 
As compared with other types of conveyors, they 
offer substantial savings in handling and storage 
costs. A single unit, operated by one man, can in 
many cases accomplish all of the unloading, convey- 
ing, and distribution required for the plant. Storage 
facilities may be of the simplest, as the Airveyor will 
recover from all forms, from open stock-piles to 
enclosed steel bins. 


First costs are not excessive. Simple unloading 
systems compare favorably in price with mechanical 
conveyors, but when materials have to be handled 
over relatively long distances or elevations; or must 
be recovered from storage and distributed to various 
parts of the plant, Airveyors offer very substantial 
savings. Obviously the installation cost is much less, 
as the Airveyor unit is compact, and pipe lines are 
easily installed and carried on simple supports. 

Maintenance requirements are negligible. There 
are a minimum of moving parts, and these are ade- 
quately protected against wear and damage. One of 
the exclusive features of Airveyor design is the ab- 
sence of moving parts, which account in part for the 
fact that these systems have enviable records in 
long, severe service. 

The absolute cleanliness of the system not only 
eliminates loss of material, but overcomes dust 
nuisances and hazards. The system is entirely vermin 
proof. 


The Airveyor Conveys: 










































































vacuum, and convey to remote receiving points by pened Flour Resins 
closed-circuit vacuum, or closed or open circuit pres- ine Fullers Earth Seeds 
: ystems. Press me ui f tahed for convey Bauxite Grains Silica 
sure systems. Pressure systems are furnished for convey- Crushed Coal Gypsum ogee 
ing from bins or pulverizers to storage and process bins. Dry Clays Lime Whiting 
- D Malt 
T LINES _ ¥ ¥ ¥ 
DUST RETURN = EXHAUST EN PRESSLFE) {OUST 8} TRANS.ILINE | RETURN “BB 
alia we . e Sa _ f YW == , <, +4 
= —___. ——.. — — .._ -— —_ 4a i | 
Vo oweetnce = tf Yh , — wT wT i 
{] he 2 (PRESSURE || | ; 
| | "} i FILTERS | 
ps | a STORAGE HI 
| 5 
i} TwO STAGE 
I ips }] VACUUM SEPARATOR 
_|— STORAGE~| _ } vil / 
y mom oie q F - tit 7 3 yee Ee As | FLEXIBLE CAR HOSE 
K - z ¥ } 1 11_ screw CONVEYOR DRIVE NOZZLE 
N J 3 | 





: 4 
FULLER ROTARY VALVES RECLAIMING SCREW CONVEYOR 


+ sevenway switcH- ‘ 
ROTARY DISCHARGE — jas > — 


POWER UNIT (SUCTION & PRESSURE) TRANSPORT LINE (VACUUM) 








= a 











} SARC AN a aR - ee 
. . ioe Seohore 8 5 SP. eves Clg Stet PR 8 AA ae pel 








Schematic diagram of the Airveyor System installed at Springwells Station, Detroit, Mich., for unloading and conveying alum. Box cars are unloaded by 
suction, the material conveyed to the receiver, and from this point by pressure to seven storage bins. The exhaust air from the storage tanks is cleaned 
by bag filters. 


FULLER ROTARY COMPRESSORS AND 
VACUUM PUMPS 


Single and two-stage Compressors and Vacuum 
Pumps are available in a full range of capacities up 
to 1800 c.f.m. at standard motor speeds .. . pressures 
up to 125 lb. gage ... vacuums up to 99 per cent of 
barometer. y 

Among the unique features of these machines are 
extraordinary capacity with reference to size, weight 
and floor space requirements. Direct drive at com- 
mon motor and gas engine speeds without reduction 
gearing; lack of vibration; air flow free from pulsa- 


tion; few working parts; no valves. Negligible main- 
tenance require- 
ments with the 
ability to operate 
continuously at full 
load for long 
periods without 
mechanical atten- 
tion. All parts are : 
readily accessible. . ' if 





Photograph—Fuller Rotary Two-Stage Compressor at Cleve- 
land, Ohio, Incinerator Plant. 
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CONVERSION FACTORS FOR ENGINEERS* 


The word gallon, used in any conversion factor, designates the 
Likewise, the word ton designates a short. ton, 


U. S. gallon. 
2,000 pounds. 


The figures 10-, 


spectively. 

The figures 10°, 10°, 10°, 
spectively. 

“Parts Per Million,’ (designat 


weight. 


water. In this field, one part per million may be expressed as 
8.345 pounds of dry solids to one million U. S. gallons of water. 
Multiply By To Obtain 
Lipsey sleewes secur ne | PARA Square feet 
7 Se eer a ae Square meters 
oe te ecee nse e Oe RY ict Ahora ded tad Cubic feet 
a saghehdubakevaeen 395 "851 = ae Gallons 
os Ce ee adiaeamateea . 2 Seer Cubic meters 
Atmospheres ......ccccccs ne dqtténg eae Inches of mercury 
m8. ~ gheulgwateaeveeee ne -scndanneee Feet of water 
~* gehen teen en a: sa<¢nlnaby Cms. of mercury 
ae ma a crn aria nade hiiel i ~\dweeagaad Lbs./sq. inch 
Barrels cement ..........- ee cewnasoned Pounds—cement 
Bags or sacks-cement..... Pe waesvavena Pounds— “ 
tte Thermal Unlts. ... Tie. ecacevcecs Foot-lbs. 
rt ™ OF 5 ip A + cor vcdens Horse—power-hrs. 
“ " 5 <n ts occwnsomad Kilowatt-hrs. 
6 me Pe = ie DE 6.cedoasrnn Kilogram -calories 
oe " - ee. . +S6ceeawen Kilogram-meters 
8 2 ae eT 7 Fer cree Foot-lbs./sec. 
= Pe ae le wale eae a Horse-power 
ha nwhelamee al fl. . Seer Kilowatts 
ae eres Inches 
Centimeters of mercury... > ere Atmospheres 
wad si 6 on | eee Feet of water 
ee - ? ‘ +. ARS ore Lbs./sq. ft. 
ee o o EE odstacnsles Lbs./sq. inch 
Centimeters/second ...... SO . cicsenve vie Feet/min 
. ete” WAR CS ae Feet/sec. 
ee 0.6 cccccccccs MOternsmin. 
Cubic centimeters ....... CS Serer Cubic feet 
a om Ue Vogt araten 8 ere Cubic inches 
2 Se Ree Gallons 
a ae es (aaa baeewee Cubic meters 
au fae De kxeneousae Liters 
BOO on os vececticesaccss ae Gallons 
ele ar Pr Tar et Se we. sa akere wage Cubic inches 
wns ee AA magne ha thee Serer Cubie yards 
“ WT: pb deee tas benees PE 6 éwi.nn Bane Liters 
“ OF Cerca edekun eee =p eee Cubic ems. 
ee TT du tiveke’ abkaaee™ eee Cubic meters 
Cubic feet/second ........ og ee Million gals./day 
os eam eesns 3 . ee Gallons/min. 
eee SRD a cavccsiscens > Sewerrrrr cy Cubic centimeters 
i” -, lS er oot 2 ee Cubic feet 
" we i Sp aere elena Doses cen Cubic meters 
. mS 06Oté‘sdukve penaeea CE ccccceees Gallons 
” eC eawe nerd Dr 6 cereceees Liters 
eee MORIED oicccececcess Dh <oneneswer Cubic feet 
as -_ eee OO ae  srevaxetes Cubic yards 
Ss wee Pete Te ee SS rrr Gallons 
o 7) “pbaabch ie aineus _  weencdweus Liters 
NEE as panne ena ® feos Cubic feet 
™ aS POCA RS re Cubic inches 
“ Pe keer aceacee Saar Cubic meters 
2s i” ee a esea eat Me s6eccesens Gallons 
oe <p ey er ee ne “cavacsines Liters 
ED a be aie y nae e tease Sere Grains 
OP er re 0. 0625 cine Ounces 
7 60=- "“ Sp eckesbCoowevedees (Sete Grams 
a re ee G.. -avatesdvas Feet 
bata wtaaleial tabeds tenth * See Centimeters 
”  bekdet Oe ewes De RRD EGER 0.3048 ..........Meters 
Wee OF WORE 6 6c ccdesee a ee Inches of mercury 
oe § erwwennnade re Lbs./sq. inch 
. « - Snaktacdudua RR ERE oe Lbs./sq. ft. 
ee | bees ciated | Re Atmospheres 
= os m  @eeetuedcawe ee wececeusey Kegs./sq. meter 
i, 2.2854 lle elkedaws ree Centimeters/sec. 
* Te  téveeseseteenate eS ee Meters/min. 
West GRUNGE - 6.66 cvienctucs (Bs Serr ree British thermal units 
as ie. * aca oeaaliiuhe Rien | ey Cee Horse-power-hrs. 
“ oT) end Vaene ec ccndeee d Kilogram-meters 
ne ww | * saudaees decee ROGER ce vhvisare Kilowatt-hrs. 


tc., denote 10, 100, 1000, etc.. 


10°, 10-*, etc., denote 0.1, 0.01, 0.001, etc., re- 


ed as p.p.m.), 


re- 


is always by 
As used in the sanitary field, p.p.m. represents the num- 
ber of pounds of dry solids contained in one million pounds of 


Multiply By To Obtain 
Foot-pounds/min. ........ SOGONIO oc cwwsees Horse-power 
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ated 4 tein oie ST.78  ovcccccc es COMUmmOtern/ see. 
ee ree ey | Pre B.T. Units/min. 
i OR a ree | errs Foot-lbs./sec. 
Ce Sndin diguigtntedy ale Suit Pee . “acdiveuteas Horse-power | 
OC‘ weeciha tacae- wipite aca 8 Sree Kg.-calories/min. 
: aiivas ethane -s uae any Gallons 

T, se guia s paskiaceees eee Cubic inches 

puting tee ieaes 2 er Cubic feet 
NS stn a mwaeaece nal au eas EOE \accoswow dn Feet 

7 § sc cee ineeenowakeewal . eee? Inches 

Ee ee en tee eee BE. éttwewares Yards 
NS Si 5 sre ce ee kaw wrdpaoda De <svetotrwods eet 

ch Fea ee ee ern ny Re © «4tsSiwees Kilometers 
ES init Mesa npates eens ee Feet/sec. 

EE OLE ae EER RE AP Se sacunceeen Kilometers/min. 
Milligrams/liter .......... > cee ane Parts/million 
Million gals./day ......... RO eres ae Cubic ft./sec. 
Miner’s inches ..........- ie * <caeeaaave Cubic ft./min. 
GE. Sint Ss danenestesin ty re Grams 

= vl.) kdeeeearcks wane enies ESS es Grains 

OP) Gia oaks untae a ee? Ounces (troy) 
GCunmcew Ciebe) .. oc cvecces AOS va cota Ate utdiaie Cubic inches 

P12 ee _ = eutk eke ere Cubic cm. 
Pacte/million:  .4<3305..0++0- BO access med Lbs./million gal. 
jhteneteren 0.0584 ..........Grains/U. 8. gal. 

é MD occas ada 7” eee Grains/Imp. gal. 
DE: vk paucscanuse nen ee Ounces 

mm § ete ee ecee ee ema . . Soe aa Grains 
Re eine nite raena EE pn sitesceaws Grams 
* cc ee Pounds (troy 





*Selections from a booklet of—‘‘Conversion Factors for Engi- 
neers’’—distributed by The Dorr Co., New York City. 
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Multiply By To Obtain 
Pounds of water.......... 0 eee Cubic feet . 
“ Nn eivebainia® > Ape Cubic inches 
“ “ PF ea Bae aes ME -cccewecaee Gallons 
ds/cubic foot ....... eee Grams/cubic cm. 
se ng ett 52 OS gai eke Kgs./cubic meter 
“ “ dele GTO so ccences - Lbs./cubic inch 
Pounds/foot ...-.+...+++s Seer asececoses Kgs./meter 
Pounds/inch ..........++- SRE 4 -ithend wc Grams/cm. 
ee ae eT ee Feet of water 
we we see x Xiao okie Kgs./sq. meter 
ds/eq. inch .......+.. RMP sveesnasian Feet of water 
ore we Be ase rees ben Inches of mercury 
“ “ re Ree S| ee Atmospheres 
“ Pe a meen a ere Kgs./sq. meter 
Quires ..---ceee eee eeeeeee i. ovasekeres Sheets 
RREAMS ccccccccccccceseccs Se. - hivdewders Sheets 
are centimeters ...... | See Square inches 
Squa . eS seen Ro 2 Square feet 
Square feet ............- | Sree Square inches 
“ ere Ss a ear es, ERE Square meters 
“ oe ai eb ane wale B.BOEKIO* «..0 a ccvcs Acres 
Square inches .........-- Cie teeveeeeus Square centimeters 


Multiply By To Obtain 
Square kilometers ....... SS ne nan nne Acres 

“f = ls Sheets 8 eevee Square feet 

- TS eee kee RE ncie 4 ot cules Square yards 
Square meters .......... DA = on saws Square feet 

4 ann s ee,” Ree ces ee eeage Square yards 
| ee oe Ee ee Acres 

yi ipa ere EA Se otee: ty: BT BEKIO® os. eee Square feet 

? set EPR ee ae Square Kilometers 
SquUsre yarGs 22... 665 00 Bs catuestrt ees Square feet 

7 Pe cliuten pant cee Seer ee Square meters 

“ ae ee S.06SEIOS, ..0.0 ccsces Acres 
TOR CE | 65.603 sineweus eer Kilograms 

= hg RETIRE” PAY: 4 Es rer Pounds 

ne gee Se Eo ee Tons (short) 
Tone: (C6trts) oi. oie eesee Re CAs waedeae Kilograms 

i Pas). he aa aabetaek BP. “'setqunttcee Pounds 
Dro CNG a iis va ves ecnnde re Pounds 

6 en eee amuses | ae Kilograms 
Tons of water/24 hrs..... ere Gallons/min. 
WE S05 sepa Se no heen ae Bee B.T.Units/min., 

NY See ee re SR Foot-pounds/sec. 

Ce ES eS Me Oe A Horse-power 

Be. aia termat aieegve ate tee OREN. « viaw ceed Kg.-calories/min. 
TR ac nemed cha iaaneene GORGE kas ce vaedke Meters 





Relative Carrying Capacities of Pipe Lines of Equal Smoothness 


Prepared by Emil L. Neubling for the Reading Meter Repair Co. 


1%/| 1% 2% 





1.62 

1.40 

é 1.19 
al 1K 





The foregoing tables will be found useful in pro- 
portioning distribution lines. 
Example: To find how many one-half inch pipes 


Diner] , | ay, 
eye 3 | 3! 
x = 










15. 


| ig 
~_ 22 (145.63! 99. 
20 |114.76} 








can be supplied by a 4-in. line, follow down the %-in. 
vertical column to the number opposite 4-in. diameter 
of the first column, where the number 181.02 is found, 
which is the number of one-half inch lines that can be 
supplied by a 4-in. line. 

Example: To find how many 12-in. lines can be 
supplied by a 48-in. line, follow horizontally along the 
48-in. diameter of the first column, until you reach the 
12-in. vertical column, where the number 32 is found, 
which is the result desired. 









































INERTOL COMPANY, Incorporated 


401 Broadway, New York City 


Western Branch: 447 Sutter Street, San Francisco, Cal. 





























INERTOL PRODUCTS for Better Plant Maintenance 


Spalling or rough concrete is hard to keep clean. Rust- 
ing equipment causes all kinds of trouble. A well kept 
plant is more easily run! Inertol Products will save you 
many hours of work and make your plant clean, sanitary 
and attractive. 


USE INERTOL 
1. ON ALL CONCRETE BELOW SEWAGE LEVEL: for 


“tile surfacing” all concrete in contact with unsettled sew- 
age. Apply INERTOL STANDARD in 2 coats, at the rate 
of | gallon for 200 square feet, each coat. 

2. ON ALL CONCRETE ABOVE SEWAGE LEVEL: for 
frostproofing, acidproofing and as a decorative finish, also 
as a protective coating against chlorine and hydrogen 
sulphide on floors, walls and ceilings. Apply INERTOL 
RAMUC ENAMELS as per color chart, in 2 coats, at the 
rate of | gallon for 200 square feet, each coat. 


3. ON SMOOTH IRON OR STEEL BELOW SEWAGE 
LEVEL OR IN MOIST ATMOSPHERE for durable protec- 
tion against sewage and condensation. Apply INERTOL 
STANDARD in 3 coats, at the rate of | gallon for 400 
square feet, each coat. 5. ON ALL IRON AND STEEL SURFACES ABOVE SEWAGE LEVEL: for dura- 

4. ON SHARP EDGED, ROUGH STEEL BELOW SEW- ble protection and beautiful appearance of steel surfaces exposed to strong 
rg pena a y — saat of _ te 4 abrasion, sewage mist, sun and gases, indoors and outdoors. Apply INERTOL 
ions, ardless of edges, corners and angles. Apply ; 
coats INERTOL STANDARD at the rate of 400 square feet GLAZOFLEX ENAMELS, as per color chart, in | or 2 coats over INERTOL 
per gallon and | coat of INERTOL STANDARD THICK at GLAZOFLEX PRIMER, at the rate of | gallon for 300 square feet for primer 
the rate of 100 square feet per gallon. and finish coats. 
































BRAINARD & HATCH 


246 Palm Street, Hartford, Conn. 







THE 


METER-MASTER 


A Rate Recorder attachable to ANY water 
meter, single or compound. 














The only recorder giving a continuous record. 
Maximum and minimum flows recorded for six 
or twenty-four hours. 







The record of the meter is not interrupted. No 
batteries. 






Several users report that it saved its cost in less 
than two months. 





Satisfies customer complaints of high bills. 






Saves loss through oversize meters. 






It has proved its value to many of the leading 
water departments. Why not let it do the same 
for you? 








WRITE FOR INFORMATION 




















Acid Feeders and Proportioners 

Activated Carbon Water Purifiers 

Aerators—Nozzle and Tray Types 

Automatic Boiler Blowdown 

Automatic Control Equipment 

Automatic Proportioning Equipment 

Boiler Water Purification Plants 

Chemical Feeders—Dry and 
Solution Types 

Chemical Proportioners 

Chemical Test Apparatus 

Clarifiers 

Coagulant Feeders 

Color Removal Plants 

Condensate Oil Removal Plants 

Crystalite Water Softeners 

Dechlorinating Plants 

Depth and Water Level Gauges 

Directional Flow Controllers 

Disk Filters 

Electro-Osmose Water Purifiers 

Feed Water Heaters and Purifiers 


Filter Operating and Control 
Tables 


Filter Strainers and Distributirg 
Nozzles 


Filter Underdrain Systems 
Filtration Plant Equipment 
Flow Indicators and Recorders 
Gravity Filters—Wood, Steel 

and Concrete Types 
Hot-Flow Water Softeners 
Hydraulic Valve Controls 
Hydrodarco Purifiers 
lron Removal Plants 
Lime Slakers and Feeders 
Lime-Soda Water Softeners 
Loss of Head Gauges 
Manometers 
Master Controllers 
Milk Filters 
Phosphate Feeders and Proportioners 
Pressure Filters 
Recarbonating Plants 
Rate of Flow Controllers 
Rate of Flow Gauges 
Sampling Tables 
Sewage Meters 
Steam and Gas Purifiers 
Sterilizing Equipment 
Swimming Pool Cleaners, Fittings 

and Equipment 
Swimming Pool Filtration Systems 
Taste and Odor Removal Plants 
Venturi Tubes and Infilco Meters 
Wagner Bottom Underdrains 
Water Filters for all Requirements 
Water Level Controllers 
Water Softeners of Every Type 
Water Stills 
Zeolite and Zeolite Water Softeners 


Equipment — 


for Every Requirement 


of Modern Water Purification 














Robotrol 
Infileo Robotrol is a robot filter or 
softener operator. It backwashes, 


rewashes (or regenerates) and returns 
the unit to service — automatically, 
efficiently and without supervision. 





Gauges 
Infilco Loss of Head and Rate of Flow 
Gauges and Infilco Altitude Gauges, 
Indicating, Recording or Combined 
Types, for stand or table mounting, 
are essential to efficient control. 


Operating Tables 
Infilco Operating Tables with Infilco 
4-Way Switches provide finger tip 
control of hydraulic valve operation; 
and as a mounting for gauges 
combine beauty with utility. 








Supermix 
Infileco Supermix induces spiral flow, 
assures intimate contact of water and 
chemicals, increases floc size, greatly 
improves the efficiency of sedimenta- 
tion and effects savings in chemicals, 











Rate of Flow Controllers 
Infilco Effluent and Wash’ Water 
Controllers maintain uniform rates of 
flow, prevent dangerous wash rates 
and are noted for their accuracy, low 

loss of head and reset features. 








Underdrain Systems 
Infilco Wagner Underdrain provides 
every essential requirement for per- 
fect wash water distribution — and 
is equally efficient in the collection 

of the filtered water. 








Lime Slakers 
Infilco Continuous Lime Slakers com- 
bine accurate, dustless feeding of 
quick lime, efficient slaking and deliv- 
ery of a uniform milk of lime mixture. 





Dry Chemical Feeders 
Infilco Dry Chemical Feeders cleanly 
measure alum, lime, aluminate, car- 
bon, etc. Accurate, efficient and 
rugged. Manual control or automatic 

proportioning types. 





Aerators 
Infileco Aerators—Induction, Cascade, 
Coke Tray and Spray Nozzle Types — 
assist in removal of iron and manga- 
nese, carbon dioxide, hydrogen sulfide 
and other odors. 











Recarbonators 
Infileo Recarbonators — coke, gas or 
oil fired — provide washed, purified 
CO? to stabilize lime treated water. 
Infilco Distributors assure efficient 
contact of CO2 and water. 











Venturi Tubes and Meters 
Infilco Indicating, Recording and Total- 
izing Meters for low and high service 
Pumping and wash water. Infilco 
Venturi Tubes for metering, chemical 
proportioning and flow control, 


Water Level Controllers 


Infilco Water Level Controllers auto- 
matically operate hydraulically con- 
trolled valves to prevent basins and 
tanks from overflowing and to main- 
tain levels within definite limits. 

















INTERNATIONAL FILTER CO. 


Water Purification, Hydraulic Control and Chemical Feed Equipment 
59 East Van Buren Street, Chicago, Ill. 
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SEWAGE TREATMENT PRACTICE * 
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Ranges of Selected Indicators for pH Determination 


it 
Magnesium __ 
precipitation 
‘ . +0 
Lime-soda sof! tening- 
Calcium 
precipitation 





Swimming pool water — 


Zeolite softening 
Manganese removal 
povllengeuchechans method 
Serondery 


Color removal— 
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Lower limit of manganese 
removal with chlorinated 


copperas 


Lime and copperas 
coagulation 


Colorless 
waters 





—— Aquarium water (average) 


Alum coagulation 
+ Gaverage Sater) 


| Colored 
_i waters 





4 }Chlorinatel copperas coagulation 


Approximate pH Zones for Water Purification 


Baltimore, Md.) 


Kenny 


*Reproduced from the reference 
Application’’—LaMotte, 
Publishers, 


work “pH and Its Practical 
& Reed—(Williams and Wilkins, 


pH ZONES OF IMPORT IN WATER SUPPLY AND 
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Textile waste 


Aluminum sulfate ae, ae 


ActwWated sludge 
Maximum coagulation 


Activated sludge aot 


minimum coagulation 





maximum coagulstion 





Problems 
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Approximate PH Zones Encountered in Common Corrosion 


digestio t 
Sogo " (ss , 


Tannery waste 
aluminum sulfate coagulation 


Cannery and creamery wastes 
acid coagulation 


Best filtration rate 


heated activated sludge 


___ Satisfactory filtration rate 
unheated activated sludge 


Approximate pH Zones for Treatment of Sewages and Some 
Industrial Wastes 
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PENNSYLVANIA SALT MANUFACTURING CO. 


Incorporated 1850 


EXECUTIVE OFFICES: 1000 Widener Building, Philadelphia, Penna. 
BRANCH SALES OFFICES: New York Chicago St. Louis Pittsburgh Tacoma Wyandotte 





Our Company takes pride in offering quality products, prompt shipments, 
and technical service to chemical consumers in the Water Purification and Sew- 
age Treatment Fields. 


FERRIC CHLORIDE 


Ferric chloride is a relatively new coagulant but it has 
been tried, proven, and accepted as the best sludge conditioner 
for vacuum filtration. It is most effective as a coagulant for 
the chemical precipitation of sewage and the coagulation of 
water. Existing plants as well as new installations can be 
equipped to utilize ferric chloride without involved changes 
or costly alterations. 

Pennsylvania Salt Manufacturing Company are the 
pioneer producers of ferric chloride and supply either the 
liquid or anhydrous material. 

Anhydrous ferric chloride, containing approximately 98% FeCl,, is packed 
in 150 pound non-returnable steel drums. It is in powder form, quickly soluble 
in water, and does not harden, melt, or deteriorate in storage. It is reeommended 
for plants without railroad siding facilities. Minimum carloads are 36,000 pounds 
but any quantity over 150 pounds can be shipped. 

Liquid ferric chloride, containing 39% to 45% FeCl,, is shipped in 4,000 and 
8,000 gallon rubber-lined tank cars. Liquid is easily transferred from cars to 
storage tanks by siphoning, pumping, or applying air pressure to the cars. Liquid 
ferric chloride is recommended for large consumers with tank storage and rail- 
road siding facilities. 





(grr - ee . 
\2/ PENNSYLVANIA SALT MFG. COB. 
) P.S.M.x%.808 rereric CHLORICE PHILADELPHIA PA. 
aire AND OTHER ¥ iDSTTE MICH. NATRONA \ 


INDUSTRIAL CHI CALS MENOMINEE MICH 
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Flow Powergraph 
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DIRECTIONS: Corresponding 
values of power required per 643 
PL-}_ thousand feet of _ on — FLOW POWERGRAPH 
Be ~+ and discharge on line @, lie on for the solution of the formula 
Z a straight line thru a point P on 
the index line @), where the index HP = cere 
line is cut by a straight line thru the 487 °185 
2 
pace sche G oes a2 derived from the Williams & Hazen formula 
4 ee by A. T. Clark & M. B. Frost 
EXAMPLE: Given, Pipe diameter, d= 16": pipe coefficient, C =115; 
and discharge, Q=4 m. g. d. 
To find, Theoretical power required to overcome “74 
pipe friction per thousand feet of pipe. 
A straight line connecting 16" on line (@) and 115 
on line (2) interersects line (3) at Point P. A straight line connecting 
point P and 4 m. g. d. on line) will intersect line) at 3.6 H. P. 











Devised by A. T. Clark and M. B, Frost of the Community Service Water Company for use in 
determining the theoretical power required to overcome pipe friction per 1,000 ft. of pipe 














915 East Carey Street 


PHIPPS & 


Laboratory Apparatus 


PHIPPS & BIRD LABORATORY MIXER 


The Phipps & Bird Mixer is designed for alum floc forma- 


tion determination in treated 


water. The 


speed of the 


paddles may be varied from 15 r.p.m. to 110 r.p.m. 


These are the standard units: 
Three unit size 
Four unit size 
Five unit size 
Six unit size 


i ain Ny i iad 











SOLUTION FEEDER 
This Solution Feeder which is designed on the principle of 
the operation of a syphon mounted on a parallel motion hinge 
and supported by a float may be used in small, large or ex- 


perimental plants in 
which it is desired to 
feed any kind of a so- 
lution into a system 
at a constant and con- 
tinuous rate. A num- 
ber of these machines 
are being used to 
chlorinate small water 
supplies and swim- 
ming pools. Others are 
being used to feed 
ferric chloride solution, 
ammonium sulphate 
solution, sulphuric acid 
and other chemicals 
that are soluble in 
water. 


BALDWIN ALUMINA SET 


_With the Baldwin Alumina Outfit the residual alum in 
filtered water can be determined accurately and quickly. The 
accompanying cut shows the complete apparatus including 
reagents, color standards and neat, hardwood portable carry- 
ing case. This case is very important as it protects all appa- 
ratus from possible contamination with alum dust. 








BIRD, INC. 


and Chemicals 


RICHMOND, VA. 





COMBINED TWENTY DEGREE INCUBATOR 
AND REFRIGERATOR 


The Allied Twenty 


Degree 


consists of two insulated chambers. 


a temperature as low 
as five degrees Centi- 
grade (forty degrees 
Fahrenheit) may be 
maintained. In the 
right hand chamber, 
a temperature of twen- 
ty degrees plus or 
minus one degree Cen- 
tigrade is maintained. 
One of the chambers 
in the lower part 
houses the refrigerat- 
ing unit and the other 
may be used for stor- 
age purposes. This is 
used extensively for 
B. O. D. determina- 
tions. 


ReEFIMOTOLOR os 6 oc cdc csetewes 


Incubator 


CONTE oo ob oe.00- 08:5 etn0 ees 


Se 
Depth 


Incubator and 


Cabinet Size 
Width 


18° 
16” 


5114” 


Refrigerator 


In the left hand chamber 








ee a 
Height 
28” 
26” 
71” 


The Refrigerator may be operated independently of the 


Incubator. 


SOLUTION FEEDER 


WITH PUMP 


This is the Phipps & Bird 
Solution Feeder with pump and 
was designed for use where the 
pressure is greater than atmos- 


pheric. 


The pump is so built 


that it handles the metered out- 


put of the feeder. 


It therefore 


does not have to be adjusted 


accurately. 


All that is required 


of it is that it handle the entire 
output of the feeder. The pump 


has been so designed 


as to 


eliminate rubber diaphragm 


and_ pistons 
corrosive material. 


FERMENTATION TUBE SUPPORT 
support of 


Fermentation tube 


made of 


non- 


copper for use with fermentation 
tubes of the Durham or inverted 
vial form in the Bacteriological 


examination of water. 


A layer. of 


cotton is placed in the lid and in 


this way the 


plugging 


of each 


separate tube is avoided. The tube 
can be filled with bouillon without 
handling each tube separately. It 
is also easy to note whether or 
not gas has been formed at the 
expiration of twenty-four or forty- 


eight hours. The 
twelve tubes. 


rack holds 
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Conversion Chart—pH, Alkalinity, Carbon ings are more casily and accurately made. To find CO: conten 

ny cakes —Locate pH value diagonal; follow it to intersection with gl. 

Dioxide kalinity value vertical. The horizontal line passing through this 

Nore: This chart has an especial usefulness in determining Same point reveals the correct free COz content. (This chart 

free carbon-dioxide content of waters without making the tedious was supplied by T. M. Riddick of Nicholas S. Hill, Jr., Cons, 
and frequently inaccurate CO; titration. Alkalinity and pH read- Engrs.—Ed.) 
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SYNTRON COMPANY 





402 No. Lexington Ave., Pittsburgh, Penna. 





SYVTROWV 
Vibra-Flow 
DRY CHEMICAL 
FEEDERS 


Flow dry chemicals by vibration 
—just like water. 


Remote, electrical volume con- 
trol. 


No motors, gears, cams, bearings 
or other wearing parts. 


Also available in— 


GRAVIMETRIC TYPE 


With recording and indicating 
scale control. 


The latest development in 





Dry Feeder Equipment Typical Installation—Showing Seals Against Dust 

















e IN WATER AND SEWAGE TREATMENT e 


avis LLM 
AERATION—MIXIN 


**k* A SIX POINT METHOD x x x 
INVOLVING 


DIFFUSION — COMPRESSION — RETENTION 
EXPULSION — SURFACE CONTACT — AGGLOMERATION 





Capacities of Aer-o-mix installations now aggregate more than V4 billion 
gallons per 24 hours. 








Aer-o-mix is made in a type and capacity to fit every existing or contemplated 
plant. Gravity—Rotary—Pneumatic—Pressure. 


Write for illustrated folder 





FACTORY MAIL ADDRESS 


Voct Merc. Co. ap rouse 


INCORPORATED LOUISVILLE, KY. 





















IN WATER PLANTS 
Raw Water Aeration 

Quick Chemical Mixing 
Coagulant Mixing 
Contact Mixing 
Recarbonation 

Filtered Water Aeration 


IN SEWAGE PLANTS 
Activated Sludge Aeration 
Trickling Filter Auxiliary 


Mixing For Chemical 
Precipitation 
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PNEUMATIC 
CONVEYORS 


REDUCE 


HANDLING 
COSTS 





4079 E. 116th St. 


RACCO 





“—— eee ew eos § 


Station 
Receiving 


There are innumerable ways that soda ash, alum, lime and 
ferrous sulphate may be handled more efficiently and eco- 
nomically by DRACCO Pneumatic Conveyors. We have re- 
duced labor costs and saved floor space. DRACCO Pneumatic 
Conveyors have reduced costs in so many ways that nearly any 
Water Filtration Plant could use to advantage. 


DRACCO Pneumatic Conveyors 
Are Installed in the Following Plants: 


Fridley Filtration Plant................... Minneapolis, Minn. 
Dalecarlia Filtration Plant................ Washington, D. C. 
Municipal Water Softening Plant............. Sandusky, Ohio 
Municipal Water Softening Plant................. Ames, lowa 
Lemieux Island Filtration Plant...... Ottawa, Ontario, Canada 
Mahoning Valley Sanitary District................ Niles, Ohio 
Municipal Water Plant...................... Columbus, Ohio 
Municipal Water Plant.....................006: Peru, Illinois 
U. S. Govt. Filtration Plant......... Fort Leavenworth, Kansas 
Municipal Water Plant... ..... 0... ccecsces Dallas, Texas 
Municipal Water Plant................ Hamilton, Ohio 

ies Municipal Water Plant....Richmond, Va. 
er es Municipal Water Plant. . Springfield, Illinois 





CONSULT OUR 
ENGINEERS 


For over 20 years our Engi- 
neers have concentrated on 
solving Conveyor problems for 
Chemical Plants, large and 
small. Some of the finest plants 
in the country have used 
DRACCO Pneumatic Convey- 
ors for years with a big sav- 
ings of dollars and cents. You 
are invited to write and obtain 
the benefit of our years of 
experience. 


For Further Information Write 


DRACCO CORPORATION 


Successors to the Dust Recovering & Conveying Co. 
Cleveland, Ohio 
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Fire Flows Required for Towns of Various Sizes, 
by National Board of Underwriters 


Required Fire Flow, 
Gallons per Minute 


Population for Average City 
Oe ie snes pa tataeesisnkeh Seiad op om giad 1,000 
MIT was sce ns ewe erase caret wae 1,500 
RN Se tee be gens rE AG Aa ee Ae TS AS SERS 2,000 
EE eons meets Ser res 2,500 

NS oe ne aon. y okt dD aed e0se a nes KEE ne 3,000 
RR ba ols ks Usa gindinw sweniensh beegerasdoees 3,500 
NG Cire one dss arena dsc tas ta eenie etperane we 4,000 
SNS own ods bc op eae etus bene wondebeseunseares 4,500 
EE 20 on ae cic Kolb ass ened stews dsewe stages 5,000 
NT So a cals Sadek sot ele LROr AR ete enew Or ee EE 6,000 
CE knee cueeeweesnseedecsbcdenges ane geesmes 7,000 
NE bsg incis hi ncele dea 0 bA WC RNG aes. oe Cae ea een ees 8,000 
EE TE Seer OCT Tee POT ee 9,000 
NS en cas op baw eC ee PRES WEES eT EREEAMEMO 10,000 
I oa cccuwhansaecdee >seWeeWensesekevassaeed 11,000 
SS a ee Pe re ee er Ls 12,000 


Over 200,000 population, 12,000 gallons a minute, with 2,000 to 
8,000 gallons additional for a second fire. 

In residential districts the required fire flow depends upon the 
character and congestion of the buildings. Sections where build- 
ings are small and of low height and with about one-third the 
lots in a block built upon, require not less than 500 gallons a 
minute; with larger or higher buildings up to 1,000 gallons is re- 
quired, and where the district is closely built, or buildings ap- 
proach the dimension of hotels or high value residences, 1,500 to 
3,000 gallons is required, with up to 6,000 gallons in densely built 
sections of 3-story buildings. 





Commercial Pipe Sizes for Fire Streams* 





Ordinary Fire Streams 











£ 
yy 
& 
3 | 40 Pounds | 50 Pounds | 60 Pounds | 70 Pounds | 80 Pounds | 90 Pounds 
xy Pressure Pressure Pressure Pressure Pressure Pressure 
=—<6 
SZ . e . v . ev . e . . 
— — n — xn “ a i — 
TEA GA AGA CACee ee 
& a) sa & ss of sa & 3: 3 
B= |) Bo | oa | Bo | o2) 2 g{O2| £2| 97] £2 2 | By | 02 
z |38 By 38 BS | 32) 23/32) 28] 32] 23) 2 By 
&] g& | 28) g& | 6 &| gm | 8a] gh | 6a) gh] oc 
Big |e |e |& |e |& lm |B lam |& 
4 20 6 23 6 25 6 27 6 29 6 30 
; 6 40 8 45 50 8 53 57 8 61 
3 8 61 8 68 10 74 10 sO | 10 86} 10 91 
4 10 81 10 90 10 99 0 | 107 12 | 114] 12 | 121 
$s 10 | 101 12 | 113 | 12 | 124] £2 | 134] 12 | 143 | 12 | 152 
6 12 | 121 12 | 135 12 | 149 14 | 160 | 14 | 172] 14 | 182 
7 12 | 141 14 | 158 | 14 | 174 14 | 187 14 | 200] 16 | 212 
8 12 | 162 14 | 181 14 | 199 16 | 214] 16 | 229 | 16 | 242 
9 14 | 182 14 | 203 16 | 223 16 | 241 16 | 257 | 18 | 273 
10 14 | 202 16 | 226 | 16 | 2438 16 | 267 18 | 286 | 18 | 303 
11 16 | 222 | 16 | 248 | 18 | 273 | 18 | 294] 18 | 314] 18 333 
12 16 | 243 | 18 | 271 18 }| 298] 18 | 321 | 20 | 343 | 20 | 364 
13 16 | 263 | 18 | 293] 18 | 323 | 20 | 348 | 20 | 372} 20 394 
14 18 | 283 | 18 | 316 | 20 | 348) 20 | 374) 20 20 | 424 
is 18 | 303 | 20 | 339} 20 | 372 | 20 | 401 | 20 | 429) 24 455 























High-Pressure Fire Streams 





100 Pounds | 110 Pounds | 120 Pounds | 130 Pounds | 140 Pounds| 159 Pounds 





essure Pressure Pressure Pressure Pressure Pressure 
6 32 6 33 6 35 6 36 6 38 6 39 
HA 8 64 67 10 70 10 73 10 75 10 78 
3 10 96 10 | 100 10 | 105 10 | 109 12 113 12 | 117 
a 2 | 128 12 134 12 140 12 145 12 151 14 | 156 
s 4 | 160 14 | 167 14 | 174 14 | 181 14 | 188 14 | 195 
6 14 | 191 | 14 | 200] 14 | 209] 16 | 218| 16 | 226 16 | 234 
7 16 | 223 16 | 234 16 | 244 16 | 254 16 | 264] 18 | 273 
g 16 | 255 16 | 267 18 | 279 18 | 290 18 | 301 18 | 313 
e 18 | 287 18 | 301 18 | 314 18 | 326 18 | 339 | 20 | 352 
10 18 | 319 | 18 | 334] 20 | 349 20 | 363} 20 | 377 20 | 391 
il 20 | 351 | 20 | 367 | 20 | 384] 20 | 399) 20 | 414 20 | 430 
12 383 401 | 20 | 419 | 20 | 435 | 24 | 452] 24 | 469 
13 415 424 24 | 454 | 24 | 472 24 | 4 24 547 
14 24 | 447 24 | 467 24 | 488 | 24 | S08 | 24 | $28 | 24 36 
18 | 24 | 479 | 24 | SOL | 24 | S23) 24 | S44] 24 56S | 24 | 5 















































gallons, multiply by 7.4805. 
po cepa ng above table the rileike assumptions were made: Nozzles, 


simultancously, and attached to 200 feet of best 
plas my rabber-lined ; epeuses measured at hose connections; velocity of 
‘fn nipe approximately 3 fect per second. 


*Reproduced by courtesy of N. S. Hill, Jr. 





SCULPTURED IN TIN 


BY L. L. BALCOM 


O the pioneer railroad builders 
of the last century goes the 
credit for opening up rich, new 
territories in the West. To the pioneer 
chemical companies of today goes the 
credit for opening up many rich, new 
fields of activity for industry. Among 


these companies is EBG—first to produce 


Liquid Chlorine in the U.S. A. New fron- 


tiers...new pioneers! Yet the old confi- 
dent spirit of the empire builders lives on. 
When you need Liquid Chlorine —or ex- 
perienced counsel regarding its use—turn 


to EBG, the pioneer—first in the country! 


ELECTRO BLEACHING GAS COMPANY 
MAIN OFFICE: 9 EAST 4Ist STREET, NEW YORK, N. Y. 
PLANT: NIAGARA FALLS, N. Y. 











@ Men who must shoulder the responsi- 





bility of specifying extra large valves 
dare not guess, seldom can risk experi- 


ment. Investments are too large, de- 





mands for reliability too imperative. 

To their aid Crane brings an abun- 
dance of experience and a fund of engi- 
neering knowledge built up over three- 
quarters of a century. Coupled with the 
outstanding design features of Crane’s 
large valves is a perfected manufactur- 
ing technique and the kind of craftsman- 
ship that makes results positive. 

Where time is important, the great 
range of sizes, types, pressure groups and 
operating mechanisms which Crane is 
prepared to supply are a decided ad- 
vantage. 

The Crane branch or distributor near 
you is prepared to give you valuable co- 
operation and complete information on 


stock as well as special designs. 





When you attend the A. W. W. A. Con- 


vention at the Los Angeles Biltmore, June 














@ Crane 36-inch, O. S. & Y. low-pressure gate valve on centrifugal 8 to 12 don't miss the Crane exhibit on 
water pump. Disc accurately guided to its seat, minimizing wear 


of faces. May be fitted with spur or bevel gearing, or with cylinder display there. 








for hydraulic operation or with motor drive. 


CRANE | 


CRANE CO., GENERAL OFFICES: 836 S. MICHIGAN AVE., CHICAGO, ILLINOIS + NEW YORK: 23 W. 44TH STREET | 





Branches and Sales Offices in One Hundred and Sixty Cities | 


VALVES, FITTINGS, FABRICATED PIPE, PUMPS, HEATING AND PLUMBING MATERIAL 


Water Works and Sewerage—May, 1936 











in 15 Minutes YOU CAN Renew 
MATHEWS HYDRANTS 


This barrel contains all working parts. It 


is interchangeable with every Mathews 


Hydrant ever made of the same diameter 


and trench depth. It is inserted without 


digging a spoonful of earth or breaking 


an inch of pavement. Whether Mathews 
Hydrants are 60 years old and in need of 
modernizing or 6 months old and broken 
by traffic, you can renew them in 15 min- 


utes and save excessive installation costs. 


See pages 124 and 125 of this issue 
FOR FULL DESCRIPTION, COST, OR MODEL-DEMONSTRATION, WRITE 


400 CHESTNUT STREET 
ad = @ PHILADELPHIA EST. 1803 


Makers of SAND-SPUN PIPE, the lighter, stronger pipe, centrifugally cast in sand molds 


Water Works and Sewerage—May, 1936 








Los ANGELES WATER SUPPLY 





H. A. Van Norman 


Chief Engineer and 
General Manager of 
the Water Bureau, 
was Assistant Chief 
during construction of 
the Aqueduct. (Pres- 
ident, California Sév- 
tion A.W.W.A.) 





Aqueduct System 
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A Dam in a Famed Spot, Named for a Famous Water Engineer 





The Late William Mulholland 


He rose from a Ditch Tender to Chief 
Engineer and Builder of Los Angeles’ 


Mulholland Dam, showing new landscaping of earth-fill placed in front of the concrete structure that over- 
looks Hollywood, and provides closein storage facilities. This dam, a beautiful piece of construction, was 
later backed with the earth-fill in order to allay fears of America’s Movie Colony as to its safety 





William W. Hurlbut 


Engineer of Water 


Works, Los Angeles. 
(President-elect of 
A.W.W.A.) 




















TURBO FLASH MIXER 


INFLUENT 
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A complete Dorr water pre-treatment plant 


SAVE 


= 30 PERCENT OF 
pn COST 


These three Dorr steps—taken in se- 
quence—will pay for themselves out of 
chemical savings. They will give you an 
‘asier water to settle and filter—a better 
final water to drink. 

Below are three cases from practice as 
reported in the technical press. 


“ee —Richmond, Va. 


Installed cost $18,000 

Chemical saving 1.8 grains per gal. 

, SO eae ee Annual chemical saving $23,000 
Then, a Dorrco Flocculator, for the formation of 


aa BE —Louisville, Ky, 


Installed cost $11,000 
Chemical saving 

Annual chemical saving.. $5,000 
Also: 


40% longer filter runs 
30% less filter wash 


a — Old Hickory, Tenn. 


Conditions— 

Flash Mixing 

Flocculation 

Sedimentation 
Power Consumption 9 KWH per M. G. 
Chemical Saving 23.5% (see chart) 





SAGE—GRAINS PER GALLON 


Let a Dorr engineer figure the savings 
possible under your own conditions. 


Finally, a substan i iat Kemical Saving over former practice. 











wo 400 $00 600 
TC meal PARTS PER MILLION 





THE DORR COMPANY "<. 


CHICAGO e ENGINEERS e 247 Park Ave., New York « jos $ ANGELES 


DORR TECHNICAL SERVICES AND EQUIPMENT ARE AVAILABLE FROM THE FOLLOWING COMPANIES: 


HOLLAND: Dorr-Oliver N. V. The Hague ENGLAND: Dorr-Oliver Company Ltd., London GERMANY: Dorr Geselischaft, m. b. H. Berlin 


: AUSTRALIA: Crossle & Duffy Pty. Ltd., Melbourne . Inc., Toki 
FRANCE: Soc. Dorr-Oliver, Paris SOUTH AFRICA: Edward L. Bateman Pty. Ltd., Johannesburg JAPAN: Andrews & George Co. Inc., Tokio 
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WALLACE & TIERNAN CO., INC. Aiea 


Manufacturers of Chlorine and Ammonia Control Apparatus 
NEWARK, NEW JERSEY Branches in 


Principal Cities. Main Factory Belleville,N.J. 


“‘The Only Safe Water Is a Sterilized Water’’ 





